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Preface 


This is the first volume of a new series of books named Infectiology. The 
purpose is to focus on new and improved knowledge that is appearing with 
increasing frequency within this important field of medicine. Infections involve 
all branches of medicine and, consequently, have implications for the whole spec- 
trum of disease categories. Infections are particularly frequent among children 
and represent one of the untoward events which disturbs success in technical 
advances within surgery. This branch of medicine is special in that the laboratory 
science, microbiology and pharmacy involved in chemical advances of new 
antimicrobial agents play such a vital role in the understanding of which processes 
are taking place and in the discovery of new drugs for the treatment of patients 
with infectious diseases. 

The idea to publish our first volume of Infectiology on the topic of Urinary 
Tract Infections grew out of a session held by the International Society of Chemo- 
therapy Commission on Urinary Tract Infections, presented at their 19th Interna- 
tional Congress in Montreal. This book compiles and interprets recent research 
data and presents current concepts of the pathogenesis, prevention and treatment 
of UTIs. Readers will find an overview of modern methods of diagnosis and new 
antibacterial agents, and will be provided with useful recommendations for the 
choice of antibiotic and the duration of treatment in different forms of uncompli- 
cated and complicated UTIs. 

Consequently, there is no doubt that the series Infectiology will potentially 
represent a valuable source of information within one of the most vibrant fields of 
basic science integrated with applied medicine. 

Tom Bergan, Editor 
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Treatment of Acute Uncomplicated Urinary 
Tract Infection 


Walter E. Stamm 


Division of Allergy and Infectious Diseases, 
University of Washington School of Medicine, Seattle, Wash., USA 


Much of the recent literature on treatment of uncomplicated tract infections 
(UTI) has focused on the use of short-course therapy [1]. The goals of short-course 
therapy are to improve patient compliance, to reduce the costs of treating uncom- 
plicated UTI, to reduce the number of adverse reactions encountered, to eradicate 
infection with the same efficacy achieved with longer courses of therapy, to 
reduce the likelihood of recurrence, and to prevent, if possible, the emergence of 
antimicrobial resistance in microorganisms from patients who are treated for 
uncomplicated UTI. The first studies which looked at short-course treatment of 
UTI were done more than 20 years ago by Drs. Brumfitt, Ronald, Bailey and 
colleagues. 

The characteristics of an antimicrobial that can be used for short-course ther- 
apy of acute uncomplicated UTI should include: (1) activity in vitro against most 
of the anticipated pathogens (namely Escherichia coli, Staphylococcus saprophyti- 
cus, and occasionally Proteus, Klebsiella, or enterococci); (2) relatively high and 
prolonged urinary concentrations; (3) no loss of antimicrobial activity in urine; 
(4) an agent that is rapidly bactericidal, and (5) if possible, an agent that is active 
at subinhibitory concentrations (perhaps by inhibiting bacterial adherence). 
Recent studies suggest that the effects of an antimicrobial on the vaginal and fecal 
flora may be quite important in determining long-term cure and one would thus 
like an agent that minimally alters the normal vaginal flora yet eradicates E. coli 
or other uropathogens from the vaginal flora [1]. Finally, an antimicrobial used 
for short-term treatment should minimize selection of resistant strains. 

No antimicrobial satisfactory fulfills all of these objectives, but there are sev- 
eral that fulfill most. Table 1 compares some of the commonly used antimicro- 


Table 1. Drugs for treatment of uncomplicated UTI 


Sulfon- Nitro- Amoxi- Amoxicillin TMP- Fluoro- 
amide furantoin cillin clavulanic SMX quinolone 
acid 
Spectrum 25% 15% 30% 5% 5-15% <2% 
Urine level high high high high high high 
Tın - urine M M S S L L 
Gut/vagina P - P P G G 
Side effects ++ ++ ++ +++ ++ ++ 
Cost low low low high low high 


M = Medium; S = short; L = long; P = poor; - = negative; G = good; ++ = infrequent; 
+++ = moderately frequent. 


bials for treatment of uncomplicated UTI with respect to the properties previous- 
ly listed. Trimethoprim (TMP)-sulfamethoxazole (SMX) and the fluoroquino- 
lones best fulfill many of the criteria just outlined. In parts of North America, 
TMP and TMP-SMX are still active in vitro against 95% of the organisms that 
cause acute uncomplicated UTI, while in other parts of the world, in vitro resis- 
tance may be as high as 15-30% or even higher [1]. In most parts of the world, 
fluoroquinolones remain very active against the vast majority of uropathogens 
causing uncomplicated UTI (<2% resistant). Both these classes of compounds 
achieve high urinary levels that are present in the urine for long periods of time 
and they exert excellent activity against uropathogens colonizing the vaginal and 
fecal flora while not effecting the anaerobic vaginal flora. They differ in cost, with 
TMP and TMP-SMX being relatively inexpensive and the fluoroquinolones 
being relatively expensive. 

One of the original goals of short-course therapy was to localize the infection 
based on response to therapy; that is, the concept was developed that one could 
divide acute uncomplicated UTI in women into two groups, those who truly had 
infection limited to the bladder (acute cystitis) in which a very high cure rate 
could be achieved with single-dose therapy, and those patients who also had 
occult pyelonephritis. In these individuals, the cure rate was theoretically lower 
with single-dose therapy and it was thought that longer treatment was indicated 
[2]. While early studies utilizing the antibody-coated bacteria test suggested that 
this paradigm might be valid, subsequent studies have demonstrated high cure 
rates in patients with positive ACB tests even when single-dose treatment with 
TMP or TMP-SMX were given [2, 3]. 
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Table 2. Meta-analysis of short-term therapy for acute UTI in women [data from 4] 


Reviewed 28 controlled trials 

For all antibiotics, single-dose therapy (SDT) less effective than 3-day or > 5-day therapy 
Considerable differences by drug 

ß-Lactam least effective for SDT, more effective as = 5-day therapy 


TMP-SMX more effective than ß-lactams for SDT, but still more effective as 
3-day therapy 


Side effects increase with TMP-SMX given for = 3 days 


Table 3. Meta-analysis of single-dose therapy (SDT) for acute UTI in women (data 
from [5]) 


Reviewed 25 controlled treatment trials 
SDT less effective than > 7-day therapy at 3-14 days or 4-6 weeks’ follow-up 
SDT cure rates especially low with B-lactams 


Side effects less with SDT than with longer regimens 


Two excellent reviews have been published which emphasize many of the 
trends that have been observed in individual studies. Norrby [4] reviewed 28 
controlled trials of short-term therapy for acute uncomplicated UTI (table 2) and 
concluded that for most antibiotics where significant numbers of comparative 
trials were available, single-dose therapy was less effective than 3 days, 5 days, or 
longer therapy. There were important differences by individual drugs, however; 
thus, the B-lactams were the least effective when given as single-dose therapy and 
were much more effective when given for 5 days or more. In contrast, TMP-SMX 
or TMP along were more effective than the B-lactams when given for single-dose 
therapy, but they were more effective still when given for 3 days. Individual stud- 
ies, as well as this review, demonstrated that side effects do increase in prevalence 
with all compounds as the duration of therapy lengthens, but this was especially 
true for TMP-SMX when the duration was longer than 3 days. A second review 
and meta-analysis done by Leibovici and Wysenbeek [5] (table 3) reviewed 25 
treatment trials and reached conclusions similar to Norrby [4]. 

Several disadvantages attributed to single-dose therapy in practice should 
also be mentioned. From the patient’s perspective, symptoms sometimes persist 
after the treatment period has ended and patients, therefore, sometimes feel that 
not enough therapy have been given. In addition, some studies suggest that there 
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Table 4. Predictors of therapeutic failure with short-course therapy 


Patient factors Microbial factors 
Age (postmenopausal) Colony count = 10%/ml (?) 
History ofrecent UTI S. saprophyticus, non-E. coli 
Diaphragm/spermicide use Antibiotic resistance 
Non-Black race (?) Virulence determinants 


Table 5. Treatment regimens for acute uncomplicated 


eystitis 

Drug Dose, mg Dose regimen Cost, USD 
TMP 200 ql2h x 3 days 1.95 
TMP-SMX 160/800 ql2hx3days 2.94 
Norfloxacin 400 ql2h x 3days 9.30 
Ciprofloxacin 500 ql2h x 3days 10.80 
Ofloxacin 200 ql2h x 3days 9.80 
Nitrofurantoin 100 q6h x 3 days 1.74 


may actually be slower resolution of symptoms with single-dose therapy as com- 
pared with longer treatment duration. Several studies that have been done over 
the last decade have looked at predictors of therapeutic failure with short-course 
therapy (either with single-dose therapy or with 3 days of therapy). Among 
patient-related factors (table 4), a history of recent UTI, age >65, diaphragm- 
spermicide use, and non-Black race have all been related to an increased risk of 
subsequent failure [1, 3-6]. In at least one study, a higher colony count (i.e., = 10° 
colony-forming units (cfu)/ml) as compared with infections that were character- 
ized by 102-104 cfu/ml was associated with a higher failure rate [3]. However, this 
was not confirmed in at least one other study. Antimicrobially resistant organ- 
isms, defined either on the basis of MIC or on the basis of species (i.e., S. sapro- 
phyticus or non-E. coli UTI, which are typically more resistant to antibiotics) have 
been associated with higher failure rates and in one study urovirulent E. coli has 
been associated with higher failure rates. Table 5 lists the regimens that I would 
regard as optimal for treatment of acute uncomplicated UTI in women. Single- 
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dose regimens certainly work as well, but for the reasons outlined would be second 
choices, in my mind, for most patients. 

Few trials have directly compared one 3-day form of therapy versus anoth- 
er. In a recently published study, TMP-SMX when given for 3 days had higher 
cure rates (82%) than nitrofurantoin (61%), cefadroxil (66%), or amoxacillin 
(67%) [7]. This may have been due to the fact that prolonged eradication of E. 
coli from the vaginal flora was achieved to a greater degree with TMP-SMX as 
compared with the other agents. An important issue in the selection of a treat- 
ment regimen for uncomplicated UTI is cost. This study calculated and com- 
pared the total cost of each treatment regimen, including costs for bringing 
patients back to treat failures or costs that were incurred treating side effects. 
The outcomes were somewhat different than one might have predicted since the 
TMP-SMX and ofloxacin regimens were the least expensive while the overall 
costs associated with amoxicillin, nitrofurantoin and cefadroxil were higher. 
While the drug acquisition costs of these latter agents are much less, the overall 
cost of management is actually greater because the cure rates were lower and 
because side effect prevalences were higher with these compounds. Further 
assessment of the costs and cost effectiveness associated with various treatment 
regimens is needed. 

An important current issue is whether short-course therapy with fluoroqui- 
nolones should be recommended for uncomplicated UTI. Certainly, fluoroquino- 
lones provide high cure rates that with single-dose therapy approximately equal 
those with TMP or TMP-SMX. With many fluoroquinolones, 3-day therapy is 
even more effective [4, 5]. Failures after fluoroquinolone short-course therapy 
have been observed mainly with S. saprophyticus infection. Some of the fluoro- 
quinolones, based on long periods of high drug concentration in urine, can be used 
as a once-a-day regimen. The major arguments against fluoroquinolones are their 
cost and whether their use for uncomplicated UTI may increase the risk of selec- 
tion of fluoroquinolone resistance organisms. In regions where TMP-SMX resis- 
tance is high among uropathogens causing uncomplicated UTI, the fluoroquino- 
lones should probably be used for empiric therapy. In places where TMP and 
TMP-SMX can still be effectively used, they should perhaps remain the first 
empiric therapy for uncomplicated UTI in order to avoid fostering emergence of 
resistance to the fluoroquinolones. 

In conclusion, studies over the last two decades have shown the lesser effec- 
tiveness of single-dose therapy (especially with amoxicillin and the oral cephalo- 
sporins) as compared with 3 days of therapy. Single-dose therapy will cure the 
majority of the patients, but higher cure rates can be achieved with 3-day regi- 
mens of TMP, TMP-SMX, and the fluoroquinolones. With these drugs, 3 days of 
treatment appears to be equally effective to 7 days and more effective than single- 
dose therapy. Side effects are reduced with single-dose therapy or with 3 days of 
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Table 6. Future considerations 


Develop means to stratify by renal involvement 


Use of fluoroquinolone for acute UTI: 
Emergence of resistance 
Which drug and for how long 


Better define patient factors predicting treatment failure 
Identify factors promoting recurrence 
Importance of subinhibitory effects of antimicrobials 


Management strategies, cost-effectiveness 


therapy with most compounds. The overall antimicrobial effect of the treatment 
given on the vaginal flora is important in long-term cure and early reinfection 
from the vaginal reservoir may take place. Considering all of these factors, 3 days 
oftherapy would seem to be best at this point in time and TMP, TMP-SMX and 
fluoroquinolones would be the recommended current therapy. However, there are 
relatively few comparative trials of various 3-day therapy regimens. 

In the future (table 6), it would be very useful to develop a test that actually 
allows us to stratify patients by renal involvement because we still do not under- 
stand what proportion of treatment failures are actually due to occult renal infec- 
tion versus other factors. Further data are needed to better assess the use of fluor- 
oquinolones for treatment of acute uncomplicated UTI vis-a-vis the frequency of 
emergence of resistance both in uropathogens and in other flora of the patient 
being treated. There are few studies to determine which fluoroquinolone should 
be used and for how long. We need to better define patient factors predicting 
treatment failure and recurrence. Some antimicrobials, doubtlessly, have effects 
other than bacterial killing that may play a role in cure, but are, as yet, not very 
well delineated. Finally, an important area for future studies is different manage- 
ment strategies and their cost effectiveness. For example, should we be utilizing 
short-course regimens entirely empirically or should such courses be used in con- 
junction with laboratory testing. If so, should culture and/or urinalysis be used to 
better identify who is actually infected before providing empiric therapy? These 
are important questions in the current era of cost consciousness. 
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Management of Acute Uncomplicated 
Pyelonephritis 


Lindsay E. Nicolle 


Section of Infectious Diseases, Departments of Medicine and Medical Microbiology, 
University of Manitoba, Winnipeg, Man., Canada 


Acute uncomplicated (nonobstructive) pyelonephritis is a clinical syndrome 
characterized by fever, chills, flank pain or tenderness and a positive urine culture 
(= 10° cfu/ml) with associated pyuria [1]. This syndrome occurs virtually only in 
women, and most frequently in those from 18 to 40 years of age. Women who 
experience acute nonobstructive pyelonephritis also usually experience acute 
uncomplicated urinary infection [2], and the same genetic and behavioral factors 
are likely associated with both syndromes. 

Acute uncomplicated pyelonephritis is a common disease. Despite this, there 
are virtually no population-based studies which describe the incidence. In addi- 
tion, the relative risk for selected subgroups, such as diabetics, who may have both 
a greater incidence as well as severity of disease, is not well established [3]. 
Descriptive information provided in case series of women presenting with pyelo- 
nephritis is provided in table 1 [4-10]. 


Microbiology 


Escherichia coli is the infecting organism isolated from 85 to 90% of episodes 
of acute uncomplicated pyelonephritis [2, 9, 10]. For the small number of epi- 
sodes from which other organisms are isolated, Klebsiella pneumoniae, Staphylo- 
coccus saprophyticus and Proteus mirabilis are the usual infecting organisms. 
From 70 to 100% of E. coli isolated from episodes of acute uncomplicated pyelo- 
nephritis have phenotypic expression of P-fimbriae [Gal(al-4)Gal pilus] [11]. 
This virulence factor occurs at substantially lower rates in E. coli isolated from 


Table 1. Reported case series of pyelonephritis 


Reference Country Locale Sub- Diabetic Complicated Bacteremia Hospitalized 
Jeets % n % n % n % 

Otto Sweden University 101 8 8 16 16 27 27 NS 
etal.[4] ambulatory E. coli 

care only 
Jernelius Sweden NS 61 6 10 27 44 9 15 ‘Most’ 
et al. [5] Random- 

ized trial 
Ward USA Emergency 90 NS NS 2/61 3.2! 31 
et al. [6] 
Israel USA Emergency 147 NS NS 15/104 14 60 
et al. [7] 
Ikaheimo Finland University 49 4 8 8 16 15 31 NS 
et al. [8] hospital 
Safrin USA General 194 17 9 14 7 21 11 95/173 55 
et al. [9] hospital 
Pinson USA Emergency 111 10 9 21 19 10/32 31 25 28 
et al. [10] university 

hospital 


NS = Not stated. 
1 Only subjects not initially hospitalized. 


other clinical syndromes of urinary infection, including asymptomatic bacteri- 
uria, cystitis, and complicated pyelonephritis. Other potential E. coli virulence 
factors such as hemolysin, aerobactin production, and selected serotypes may 
occur with increased frequency in pyelonephritis strains, but are not as consistent- 
ly associated with this clinical syndrome as P-fimbria expression [11]. The spe- 
cific mechanism by which P-fimbriae mediate acute pyelonephritis is not known, 
although expression of this pilus is associated with a greater inflammatory 
response [12]. 


Host Response 


Acute uncomplicated pyelonephritis is a systemic illness characterized by 
both a local urinary and systemic immune and inflammatory response. Serum 
IL-6, IL-8 and C-reactive protein are elevated [13, 14] and a systemic antibody 
increase to diverse antigenic components of the infecting uropathogen occurs [15, 
16]. The local urinary response includes pyuria, elevated urinary IL-6, IL-8 and 
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Table 2. Management issues for consideration in acute 
uncomplicated pyelonephritis 


Selection of antimicrobial therapy 

Duration of antimicrobial therapy 

Decision for hospitalization 

Investigation of potential genitourinary abnormalities 


other cytokines [13, 14], as well as a local urine antibody response. The extent to 
which the local or systemic humoral response may protect against subsequent 
infection is not well studied. 


Management of Acute Uncomplicated Pyelonephritis 


Most women with acute uncomplicated pyelonephritis are otherwise healthy 
and respond promptly to appropriate antimicrobial therapy. There is limited 
short-term and virtually no long-term morbidity. A number of management 
issues, however, warrant further consideration (table 2). 


Selection of Antimicrobial Therapy 

Antimicrobial therapy for acute uncomplicated pyelonephritis may be either 
oral or parenteral. Frequently, initial parenteral therapy is given as a single dose 
or as long as 48-72 h, then changed to oral therapy to complete the antimicrobial 
course once the patient is clinically stable or improving [17]. 

There are few comparative studies of outcome with oral therapy alone. Tri- 
methoprim/sulfamethoxazole was superior to amoxicillin in curing infection in 
one study, with cure rates of 88 and 56%, respectively [18]. Several studies have 
reported that quinolones are superior to cephalosporins for oral therapy of pyelo- 
nephritis [19]. Trimethoprim/sulfamethoxazole or quinoline antimicrobials 
should be considered current drugs of choice for oral therapy. B-Lactam antibiot- 
ics should be avoided, if possible. 

For parenteral therapy, an aminoglycoside with or without ampicillin 
remains standard therapy [20]. Many other parenteral antimicrobials are effec- 
tive, including trimethoprim/sulfamethoxazole, quinolones and several cephalo- 
sporins. There are few comparative studies, however, which have specifically 
measured the relative efficacy, benefits, adverse events, and costs of different 
parenteral regimens. 
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Duration of Therapy 

The current recommended duration of therapy is for 10-14 days [17]. In a 
study of pivmecillinam/pivampicillin, bacteriologic cure was achieved in only 
28% of patients with 1 week of therapy compared with 69% with 3 weeks [5]. 
About one third of patients enrolled in this study had underlying complicating 
factors. In a comparative study of duration of oral regimens, 6 weeks of trimetho- 
prim/sulfamethoxazole therapy was not more efficacious than 2 weeks for the 
treatment of pyelonephritis in women, with cure rates of 83 and 90%, respectively 
[18]. 

There have been reports of successful treatment of pyelonephritis with thera- 
py duration as short as 5 days [21]. These much shorter regimens require further 
evaluation in comparative studies with greater study numbers enrolled before 
they can be enthusiastically recommended. 


Hospitalization or Outpatient Management? 

There is substantial discretionary judgement in the decision to hospitalize 
women presenting with acute uncomplicated pyelonephritis [9]. Currently, hospi- 
talization is recommended for patients with hemodynamic instability, pregnant 
women, when there is diagnostic uncertainty, and where compliance is not 
assured. From 50 to 70% of women presenting with the syndrome of acute pyelo- 
nephritis can be managed without hospitalization [6, 7, 9, 10]. A common current 
approach is to treat women in the emergency department or observation unit with 
an initial short course of parenteral therapy [6, 7], with the decision about need 
for further parenteral therapy or hospitalization made after the initial 24h of 
therapy and observation. Case series have all reported over 90% cure rates and no 
excess morbidity in nonhospitalized women managed with this approach [6, 7, 9, 
10]. Hospitalization is not necessary for most women, and physician judgement 
with respect to the need for hospitalization seems appropriate in reported series. 
The present climate promoting health care cost minimization and deinstitutional- 
ization of care suggests the outpatient management of pyelonephritis should be 
further explored to ensure optimal use of this option. 


Investigation for Underlying Genitourinary Abnormalities 

Women with acute uncomplicated pyelonephritis have, by definition, a nor- 
mal genitourinary tract. However, individuals with underlying structural or func- 
tional abnormalities of their genitourinary tract may also present with the clinical 
syndrome of pyelonephritis. Thus, some individuals may require investigation to 
identify abnormalities which may be corrected surgically to prevent recurrence of 
infection. 

There is no current consensus on what characteristics require genitourinary 
investigation. Reported discriminatory factors to identify women with underlying 
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abnormalities include: fever beyond 72 h of appropriate antimicrobial therapy 
[22], and early relapse or infection following therapy [23]. Early investigation is 
likely warranted in any individual who presents with a clinical syndrome of acute 
pyelonephritis with septic shock. These individuals have an increased likelihood 
of obstruction and may require early and aggressive intervention. Women who 
are hemodynamically stable at presentation and respond promptly to antimicro- 
bial therapy without recurrence are unlikely to have underlying genitourinary 
abnormalities and do not warrant further investigation [17]. 

Where investigations are appropriate, the safest, most cost-effective, initial 
test is likely an ultrasound examination. This is a rapid, noninvasive, and reliable 
method for determining the presence of obstruction and other abnormalities. If 
the ultrasound is normal, further investigations are not indicated unless the clini- 
cal course remains atypical. 
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Uncomplicated Acute Pyelonephritis 


Ross R. Bailey 


Department of Nephrology, Christchurch Hospital, Christchurch, New Zealand 


A large number of prospective, controlled studies have been conducted on 
the treatment of women with bacterial cystitis, as well as on patients with various 
categories of complicated urinary tract infections. There has, however, been a 
dearth of studies in women with uncomplicated acute pyelonephritis, particularly 
those requiring parenteral antimicrobial therapy. Such patients are predominant- 
ly young, sexually active women who frequently require hospitalization, because 
of the severity of their clinical illness and an inability to tolerate oral medication. 
With appropriate treatment, the majority of patients with uncomplicated acute 
pyelonephritis respond rapidly to parenteral antimicrobial therapy, rehydration 
and pain relief and are usually well enough to be discharged home within 2-3 
days. 

In our own unit during the 3-year period 1992-1994, 163 patients were 
admitted with acute pyelonephritis, of whom 144 (88%) were women. Of these 
144 women, 126 (88% of the women and 77% of the total) had uncomplicated 
acute pyelonephritis (fig. 1) [1]. 

There is currently some debate as to whether all patients with acute pyelone- 
phritis warrant urinary tract investigation. We believe that all patients hospital- 
ized because of acute pyelonephritis warrant ultrasonography of the urinary tract, 
primarily to exclude urinary tract obstruction. This is clearly essential for all such 
patients enrolled in prospective treatment studies so as to enable the acute pyelo- 
nephritis to be classified as uncomplicated or complicated. 

Of great interest in patients with acute pyelonephritis are the findings on 
DMSA scan during the acute phase. In our own department, 37 of 81 (46%) con- 
secutive women hospitalized with acute pyelonephritis had one or more perfusion 
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Fig. 1. A suggested algorithm for the management of women with suspected acute 
pyelonephritis (APN). 
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defects on a DMSA scan done on, or shortly after admission. The majority of 
these defects had resolved within 3 months. Patients in whom the perfusion 
defect had persisted subsequently had an intravenous urogram. The latter invari- 
ably demonstrated the characteristic features of either reflux nephropathy or 
obstructive nephropathy which had clearly predated the episode of acute pyelone- 
phritis. Perhaps patients enrolled in prospective treatment studies of acute pyelo- 
nephritis should have a DSMA scan at enrollment? 
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Table 1. Prospective, randomized treatment studies of acute pyelonephritis 


Authors Drugs Duration Enrolled Cured 
days a % 
Johnson et al. [14] Ampicillin/gentamicin 14 44 25/27 93 
CTM/gentamicin 14 41 35/36 97 
Bailey et al. [5] Netilmicin 5 22 15/17 88 
Ciprofloxacin 5 21 15/17 88 
Mouton et al. [15] Lomefloxacin 14 33 20/20 100 
CTM 14 30 16/18 89 


CTM = Co-trimoxazole. 
Data from MEDLINE via CD Plus from January 1991 to March 1995. 


In our unit, we have undertaken a series of controlled therapeutic studies in 
hospitalized patients with acute pyelonephritis [2-6]. The duration of treatment 
has been 5 days and the results, especially with the aminoglycosides, have been 
excellent. Some reviewers, however, have ignored these studies and have contin- 
ued to promote much longer courses of treatment which have little scientific basis 
and have been handed down as historical dogma following the repetitious citing 
of anecdotal reports. The authoritative General Guidelines for the Evaluation for 
New Anti-Infective Drugs for the Treatment of Urinary Tract Infection have rec- 
ommended a 2-week oral course of treatment [7]. This conclusion, however, 
appeared to come from one single study [8] where the patients were clearly not 
characteristic of those with acute pyelonephritis as they were able to tolerate oral 
antimicrobial therapy and did not warrant hospitalization. Stamm and Hooton 
[9] in discussion stated that ‘shorter regimens (e.g., 5-7 days) are often effective in 
patients whose fever abates rapidly, but they have not been evaluated in well- 
controlled trials’. 

Pinson et al. [10] undertook a literature review from 1965 to 1991 and 
reviewed 10 randomized studies, 9 of which compared oral drugs and the tenth 
compared an oral with an intravenously administered drug. Once again, these 
were not studies which enrolled the typical patient who requires a short period of 
hospitalization [11]. Pinson et al. [10] stated that ‘until further data is available, 
we conclude that patients with acute pyelonephritis should be treated for 10-14 
days’. 

The duration of therapy for patients with uncomplicated acute pyelonephri- 
tis was reviewed briefly by this discussant at the 2nd International Symposium on 
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Clinical Evaluation of Drug Efficacy in UTI [12], and in more detail at the 3rd 
International Symposium [13]. The same arguments in favor of shorter curative 
regimens of treatment still apply. To assess what new science had become avail- 
able since the latter symposium a Medline search was undertaken on 06 April 
1995 for all controlled treatment studies of acute pyelonephritis published 
between January 1991 and March 1995. Only 3 prospective, randomized trials 
were published and these are summarized in table 1 [5, 14, 15]. Two of these 
studies had unacceptably high numbers of dropouts, mainly because of patients 
infected with resistant pathogens or of failure to return for follow-up. From the 
literature search, there were several other articles proposing intravenous/oral 
switch therapy to enable an earlier discharge from hospital for patients with acute 
pyelonephritis [16, 17]. Our own studies have shown that by using intravenous/ 
oral switch therapy these patients can be discharged earlier from hospital [5, 6]. 
This is the greatest possible saving of costs that can be made in the management of 
acute pyelonephritis [18]. 
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Complicated Urinary Tract Infections 


Joichi Kumazawa, Tetsuro Matsumoto 


Department of Urology, Faculty of Medicine, Kyushu University, Fukuoka, Japan 


Diagnosis of urinary tract infections (UTI) is made on the bases of symp- 
toms, pyuria, bacteriuria, blood analysis, and radiologic or ultrasound examina- 
tions [1]. Pyuria and bacteriuria are quite important not only for the diagnosis, 
but also for the evaluation of treatment efficacy. In Japanese criteria for the evalu- 
ation of drug efficacy, pyuria and bacteriuria are now changing in order to har- 
monize with American and European guidelines. 


Predisposing Factors of Complicated UTI 


Japanese urologists classify UTI into acute uncomplicated cystitis, acute 
uncomplicated pyelonephritis, complicated UTI including cystitis and pyelone- 
phritis, bacterial prostatitis, and urethritis. 

Complicated UTI entails urinary infections combined with predisposing fac- 
tors which decrease antibacterial defense mechanisms of the urinary tract. Predis- 
posing factors are indwelling catheter, functional and anatomical abnormalities in 
the urinary tract, including bladder outlet obstruction, urolithiasis, hydronephro- 
sis, vesicoureteric reflux, urogenital cancer, neurogenic bladder dysfunction, for- 
eign bodies, chemical or radiation injuries of uroepithelium and indwelling cathe- 
ter. The first approach to control complicated UTI is to precisely diagnose the 
predisposing factors, and treat or control them with urologic surgical interven- 
tion. 

American and European guidelines add as predisposing factors the presence 
of indwelling catheter, intermittent catherization, over 100 ml residual urine, 
obstructive uropathy, vesicoureteral reflux, ileal loops, azotemia and renal trans- 
plantation [2]. 


Table 1. Difference of criteria for predisposing factors of complicated 
UTI in American and Japanese guidelines 


IDSA/FDA guidelines 


Japanese criteria 


Presence of indwelling catheter 
Intermittent catheterization 


Residual urine 
Obstructive uropathy 


VUR or other urologic abnormalities 


Ileal loop 
Azotmeia 
Renal transplantation 


Presence of indwelling catheter 
Neurogenic bladder dysfunction 
Obstructive uropathy 

VUR or other urologic abnormalities 
Chemical or radiation cystitis 


IDSA = Infectious Diseases Society of America; FDA = Food and Drug 
Administration; VUR = vesicoureteral reflux. 


Table 2. Difference of entry criteria in complicated UTI 


IDSA guidelines European New Japanese 
guidelines guidelines 

Age Not fixed Not fixed >20 years 
Presence of Dysuria Same as Not specified 
symptoms Urgency IDSA/FDA 

Frequency guidelines 

Suprapubic pain 

Fever 

Flank pain 

CVA tenderness 
Underlying Indwelling catheter Same as Urinary 
disease Intermittent catheterization IDSA/FDA underlying 

Residual urine (> 100 ml) guidlines disease 

Obstructive uropathy 

VUR or urologic abnormality 

Azotemia 

Renal transplantation 
Pyuria, WBC/mm3 >10 >10 >10 
Bacteriuria, cfu/ml 210° >10° >104 or 103 


CVA = Cost vertebral angle; VUR = vesicoureteral reflux. 
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Fig. 1. Patient age distribution of complicated UTI in Japan. 


The Japanese UTI committee criteria listed as underlying factors of compli- 
cated UTI the presence of indwelling catheter, neurogenic bladder dysfunction, 
obstructive uropathy, vesicoureteral reflux, chemical or radiation injuries of the 
uroepithelium. Azotemia and renal transplantation should not be included 
among the underlying diseases, because they involve general impairment of 
defense mechanism of infection such as impaired phagocytes and/or lymphocytes 
(table 1). Such impairment is frequently severe and the evaluation of the efficacy 
of antimicrobial drugs may be difficult. Japanese criteria exclude diabetes melli- 
tus, when it is not adequately controlled, because it also entails impaired phago- 
cytic function. Furthermore, urinary tract modifications such as ileal loop or 
colon pouch are also excluded, because bacteriuria and pyuria always accompany 
such conditions. 


Patients’ Background of Complicated UTI 


Table 2 demonstrates the differences in the inclusion criteria between Amer- 
ican, European and Japanese guidelines. Patient age is not part of the inclusion 
criteria in the American or European guidelines. Japanese criteria included 
patients who are 20 years or older. This is due to patient age distribution of com- 
plicated UTI (fig. 1). Very few patients have been assessed in recent trials of com- 
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Fig. 2. Complicated UTI in patients with (W) and without (O) symptoms. 


plicated UTIs in Japan. Symptoms are frequently mild or lacking in patients with 
complicated UTI (fig. 2). Symptoms should not be specified at evaluation of drug 
efficacy in complicated UTI. 

Figure 3 shows distribution of bacteria isolated from patients with uncompli- 
cated and complicated cystitis in our hospital. The incidence of Escherichia coli 
differs in uncomplicated versus complicated cystitis. Entercoccus faecalis and 
Pseudomonas aeruginosa are frequently isolated from complicated cystitis. Com- 
plicated pyelonephritis is caused by various kinds of bacteria such as E. coli, 
Citrobacter spp., Proteus spp. and P. aeruginosa. Some isolates are highly resistant 
to several antimicrobials. In addition, biofilm is thought frequently to cover the 
urinary epithelium. A biofilm is frequently present around indwelling catheters, 
ureteral stents and struvite stones. Antimicrobial agents used to treat UTI do not 
become accumulated inside the urinary tract or loci of inflammation in part due 
to renal dysfunction, abscess formation, scarring and biofilm formation. 


Treatment of Complicated UTI 


Treatment and control of complicated UTI is difficult because of predispos- 
ing factors in the urinary tract or the causative bacteria which are frequently asso- 
ciated with a mixed infection and/or resistance to several antimicrobial agents. 
Until predisposing factors are completely resolved, true cure is not possible in 
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Fig. 3. Bacteria isolated from patients with (a) uncomplicated (left) and complicated 
(right) cystitis and (b) uncomplicated (left) and complicated (right) pyelonephritis. 


complicated UTI. Various kinds of antimicrobial agents including cephems, car- 
bapenems and fluoroquinolones have been developed and became commercially 
available during recent years. These drugs have a higher antimicrobial activity 
and a wider antimicrobial spectrum. Combination therapy with several antimi- 
crobials may effectively cure complicated UTI. Duration of therapy should be 
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Table 3. New treatment for compli- 


cated UTI Newer antimicrobial agents 


Cephems, carbapenems, 
fluoroquinolones 

Combination therapy 
ß-Lactamase inhibitors + B-lactams 
Aminoglycosides + B-lactams 
Macrolides + fluoroquinolones 


short term to prevent emergence of resistant strains. Treatment of complicated 
UTI is difficult when underlying diseases continue. Acute exacerbations of com- 
plicated pyelonephritis, evidenced by symptoms such as high-grade fever and 
flank pain, should be treated by parenteral drugs until the body temperature is 
decreased. Almost all patients with complicated UTI are treated by oral drugs. 

Combination therapy with B-lactamase inhibitiors and ß-lactams, aminogly- 
coside and ß-lactams, and macrolides and fluoroquinolones have effectively 
treated complicated UTI (table 3). These new strategies allow short-term therapy 
and render good clinical results in complicated UTI. 

Newer cephems with stronger activities against Gram-positive bacteria have 
been developed recently. Thus, cefpirome exhibits therapeutically relevant activi- 
ty against, e.g., enterococci. We have compared cefpirome to ceftazidime. Clinical 
effectiveness was similar when the same doses were compared. The eradication 
rate of Gram-positive bacteria, especially of enterococci, was significantly higher 
in the cefpirome group. We found cefpirome more suitable for complicated UTI 
[3]. 

Among carbapenem antibiotics, panipenem was developed in Japan. This is 
slightly more active against Gram-positive bacteria than imipenem. Panipenem 
showed a slightly higher efficacy rate than imipenem in a comparative study on 
complicated UTI. The bacterial eradication rates of various bacterial species were 
similar for imipenem and panipenem. Carbapenem antibiotics are thought to be 
suitable for the treatment of acute relapse of complicated pyelonephritis [4]. 

Various kinds of new quinolone antimicrobials have been developed recent- 
ly. Long half-life antimicrobials like fleroxacin and sparfloxacin were developed 
in Japan. Levofloxacin, an active optical isomer of ofloxacin, was developed in 
Germany. These quinolones were suitable for complicated UTI without fever. 
Sparfloxacin is more active against various kinds of urinary isolates, but its 
absorption and urinary excretion were less. The antimicrobial activities of flerox- 
acin and ofloxacin were similar. Its superiority was a longer half-life and a higher 
urinary excretion. Once-a-day therapy was equally effective in complicated UTI. 
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Levofloxacin is twice as active in vitro as ofloxacin. Once-a-day treatment of 
300 mg sparfloxacin or fleroxacin were as effective as 600 mg of enoxacin in a 
comparative study on complicated UTI. A comparative study of levofloxacin and 
ofloxacin showed the same results for doses of 300 and 600 mg. Side effects and 
abnormal laboratory results occurred at a low rate in the levofloxacin group [5-7]. 
We tried a higher dose of levofloxacin in catheter-associated UTI. A 600-mg dose 
of levofloxacin was more effective in this type of infection whereas its safety was 
similar to the 300-mg dose [8, 9]. 

Combination chemotherapy has frequently been tried in serious infections. 
One of the best combinations was aminoglycosides and ß-lactams. Isepamicin as 
an aminoglycoside and piperacillin as a B-lactam were frequently used to treat 
complicated catheter-associated UTI. Combination therapy of isepamicin and 
piperacillin proved more active than monotherapy. The order of administration 
was thought to be important to treat complicated UTI. We compared three dosing 
regimens, namely isepamicin prior to piperacillin, concomitant administration, 
and piperacillin prior to isepamicin in catheter-associated UTI. The most effec- 
tive regimen was isepamicin prior to piperacillin, indicating the superior first 
exposure effect of aminoglycoside [9]. 

Recently, some macrolides have had a preventive or destructive effect on 
biofilm formation. Combination chemotherapy of macrolides and fluoroquino- 
lones have been known to be quite effective in infections related to biofilm forma- 
tion. Ciprofloxacin combined with clarithromycin was significantly effective in 
complicated UTI. 

New antimicrobial agents have been more active and have a wider spectrum 
in various bacterial species. These were quite effective in complicated UTI as in 
other types of infection. However, strains resistant to these antimicrobials 
emerged in urinary isolates. We will use these antimicrobials shortly and select 
effective dosing regimens. Combination chemotherapy is one effective form of 
treatment in complicated UTI. We will also try more active usage of these antimi- 
crobials, remembering that the cure of complicated UTI is to treat completely the 
predisposing factors of the urinary tract. 
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Urinary tract infection (UTI) has traditionally been the most common cause of 
bacterial and fungal infection in the renal transplant recipient, occurring in 35-79 % 
of allograft recipients not receiving antimicrobial prophylaxis [1-8]. The conse- 
quences of such infections have been considerable, with 60% of the Gram-negative 
bacteremias that have occurred in these patients being due to UTI, and with at least 
some evidence linking such infections to allograft injury that persists long after 
eradication of the microbial invaders with antimicrobial therapy [1, 9, 10]. Where- 
as in the early days of renal transplantation, technical complications with the ure- 
teral anastomosis and residual infection in native kidneys played an important role 
in the pathogenesis of UTI, today these problems have been largely eliminated — by 
better surgery and eradication of infection pretransplant. However, the incidence 
of UTI in the absence of prophylaxis remains in the 35-45% range [1, 8, 11]. 

The purpose of this review is to present current concepts of the pathogenesis, 
clinical impact, prevention, and treatment of UTI in the renal transplant recipi- 
ent; an entitiy of continuing clinical importance. 


Pathogenesis of UTI in the Renal Transplant Recipient 
As with all infectious diseases, the pathogenesis of UTI involves the interac- 


tion between the host’s defenses and the invading organism’s virulence factors. In 
the case of UTI, the most important host defenses against the initiation of infec- 


tion are not the specific immune response or the mobilization of phagocytic leu- 
kocytes; rather, the most important host defenses can be characterized as anatom- 
ical and mechanical - an anatomically normal urinary tract, without obstruction 
or an indwelling foreign body such as a catheter, a normally emptying bladder 
such that residual pools of stagnant urine are not present, and a kidney that has 
not been injured by trauma or some other disease process. According to this anal- 
ysis, then, three major host factors play an important role in the pathogenesis of 
UTI in the renal transplant patient: the posttransplant urinary catheter, the physi- 
cal and immunologic trauma the transplanted kidney endures in the peritrans- 
plant period, and the poor bladder function after the catheter is removed in a 
significant number of renal transplant recipients, particularly diabetics and those 
whose native kidney failure was related to congenital anatomical abnormalities of 
the urinary tract. In the case of the urinary catheter, with current practice dictat- 
ing the removal of the bladder catheter in less than a week, overt UTI is unusual 
while the catheter is still in place. However, the catheter tips not infrequently 
become contaminated, and provide a reservoir from which infection is derived. 

In animal models, the combination of bacteria inoculated into the bladder 
and trauma to the kidney will result in pyelonephritis, whereas bladder infection 
without renal trauma results only in a transient cystitis. In the transplant recipi- 
ent, it would seem logical that the harvesting, transport, and then transplantation 
of the kidney allograft, followed by whatever immunologic trauma that is engen- 
dered by the rejection process, would likewise increase the susceptibility of the 
kidney to invasive infection. Such infection, once contracted, would then, pre- 
sumably, be exacerbated by the exogenous immunosuppressive therapy. It is 
important to emphasize, however, that immunosuppression is a secondary 
amplification factor in the pathogenesis of these infections, with the anatomical/ 
mechanical factors being the most important in determining host susceptibility 
[1, 12-16]. 

The aforementioned events are further exacerbated if a technical complica- 
tion such as a ureteral leak or an area of renal infarction (usually due to a problem 
with an accessory renal artery) occurs. In the case of a ureteral leak, the need for 
nephrostomy tubes, surgical drains, ureteral stents, and/or indwelling catheters 
makes infection almost inevitable. In the case of renal infarcts, even such relative- 
ly nonvirulent, commensal organisms as Staphylococcus epidemidis or diphthe- 
roids can cause symptomatic, even bacteremic, and, commonly, relapsing infec- 
tions that are virtually impossible to eliminate with antimicrobial therapy (al- 
though such infections can be rendered asymptomatic with chronic, suppressive 
therapy [1, 8]. 

There has long been speculation that the type of ureteral anastomosis per- 
formed might have an important influence on the occurrence and consequences 
of UTI in the renal transplant recipient. Ureteropyelostomy has the theoretical 
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advantage of utilizing the recipient’s own ureter, if it is normal, and thus having a 
nonrefluxing urinary tract and the ability to remove the bladder catheter within 
24 h of surgery; the disadvantage of this approach is that this form of anastomosis 
is technically more difficult. The ureteroneocystostomy anastomosis is technical- 
ly easier to perform, but requires the bladder catheter to remain in place for a 
longer period of time and not infrequently is associated with vesicoureteral reflux 
which could exacerbate the effects of any UTI on the allograft. In point of fact, in 
skilled hands, and provided antimicrobial prophylaxis (see below) is adminis- 
tered, there is currently little evidence that the type of anastomosis employed has 
an important effect on the incidence and severity of UTI [1, 8]. 

Over the past two decades, important information has been gathered on the 
molecular pathogenesis of UTI that has delineated the critical role of bacterial 
virulence factors in the causation of UTI. It is now apparent that there are a few 
clones of uropathogenic Escherichia coli (and presumably other uropathogens) 
that possess a series of virulence factors that mediate their success as invaders of 
the anatomically normal urinary tract. The most important such virulence factors 
are bacterial surface adhesins. The best studied of these are the so-called p-pili, 
which mediate attachment of the bacteria to specific receptors on the uro- 
epithelium. Careful studies in children have demonstrated that pyelonephritis in 
individuals with anatomically normal urinary tracts usually requires the introduc- 
tion of such uropathogenic bacteria; in contrast, children with anatomical abnor- 
malities can develop pyelonephritis due to nonvirulent bacteria [17-20]. Al- 
though not well studied in renal transplant patients, the epidemiologic character- 
istics of UTI in these patients suggest a smiliar series of events. In the first few 
months following transplant, anatomical and technical issues related to the uri- 
nary tract are the dominant features in the pathogenesis of UTI. Reflecting this, a 
relatively wide range of organisms can cause infection. After this time period (e.g., 
more than 3 months posttransplant), although anatomical/technical issues may 
still be an issue, the pattern of infection more commonly resembles that observed 
in the general population, and it is likely that the preponderance of infections in 
this time period in patients with anatomically normal urinary tracts is due to 
uropathogenic clones of bacteria, particularly E. coli. 


Clinical Effects of UTI in the Renal Transplant Patient 


The clinical effects of UTI in the renal transplant patient can be divided into 
two categories: the direct and the indirect effects. When considering the direct 
effects, it is important to recognize that just as the pathogenesis of UTI in the first 
few months is different than in the later period, the clinical manifestations are 
different as well. UTI occurring in the first 3 months posttransplant is frequently 
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associated with overt pyelonephritis, bacteremia, and a high rate of relapse when 
treated with a conventional course of antibodies (particularly B-lactams). In con- 
trast, UTI, occurring at a later time, unless associated with an anatomical problem 
such as an obstructing stone, a malfunctioning ileal loop, or a poorly emptying 
bladder, is rarely associated with overt pyelonephritis or bacteremia, can be suc- 
cessfully managed with a conventional 10-to 14-day course of antibiotics, and can 
usually be managed as an outpatient [1, 8]. 

The indirect effects of UTI, although incompletely characterized at present, 
are of increasing interest. Cytokines and growth factors elaborated by the patient 
in response to UTI are capable of a number of effects. In addition to the nonspe- 
cific stimulatory effects of endotoxin on the immune system, these cytokines can 
modulate the display of major histocompatibility complex (MHC) antigens on the 
allograft, perhaps contributing to the host’s immunologic response to the foreign 
tissue. Since cytokines play an important role in the pathogenesis of the rejection 
process, the ‘excessive’ generation of cytokines in response to infection could 
drive the rejection process harder [1]. In addition, there has been speculation that 
molecular mimicry, structural homology between bacterial antigens and MHC 
antigens, also could increase the host’s immune response to the allograft. Eleva- 
tions of serum creatinine during symptomatic UTI are common, and present data 
from biopsies in asymptomatic patients in the early posttransplant period suggest 
that infection-induced allograft injury may be more important thant previously 
suggested [1, 8]. 

An additional effect of UTI-induced cytokine release is the effect of these 
cytokines in modulating the course of other infections. In particular, German 
investigators have shown convincingly that tumor necrosis factor, a cytokine reg- 
ularly released in the course of symptomatic UTI, is a prime factor in the reactiva- 
tion of latent cytomegalovirus (CMV) [21, 22]. Once reactivated, CMV is an 
important pathogen in these patients, producing not only direct clinical effects 
but itself modulating host response, allograft injury, and the course of other infec- 
tions [1]. In sum then, there is increasing evidence that the indirect effects of UTI, 
mediated by cytokines, are of clinical importance, both in influencing the host 
response to the allograft, and in influencing the course of other clinically impor- 
tant infections that can impact on the renal allograft recipient. 


Clinical Management of UTI in Renal Transplant Recipients 


The clinical management of UTI in the renal transplant recipient has two 
components: prevention of infection and treatment of infection when prevention 
fails. Over the past 15 years it has become apparent that UTI and urosepsis can be 
effectively prevented with low doses (a single tablet at bedtime) of trimethoprim/ 
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sulfamethoxazole, trimethoprim, or a fluoroquinolone such as ciprofloxacin. Fail- 
ures of such prophylactic programs usually connote an anatomical problem, and 
should always trigger an evaluation of the urinary tract for correctable anatomical 
abnormalities [1, 23-26]. 

Low-dose trimethoprim-sulfamethoxazole therapy (we use one tablet which 
contains 80 mg trimethoprim and 400 mg sulfamethoxazole, at bedtime) remains 
the regimen of choice for this purpose, as it simultaneously also prevents Pneumo- 
cystis carinii pneumonia (the incidence of this infection falling from approximate- 
ly 10% to essentially zero), listeriosis, and nocardiosis. At this dose, adverse inter- 
actions with cyclosporine are rare (although synergistic nephrotoxicity occurs at 
higher doses). However, trimethoprim-sulfamethoxazole use can be associated 
with other toxicities — rash, Stevens-Johnson’s syndrome, bone marrow toxicity 
(particularly in patients receiving azathioprine), and, rarely, interstitial nephritis. 
For patients who cannot tolerate trimethoprim-sulfamethoxazole, ciprofloxacin 
(or other fluoroquinolones) can be substituted, with the addition of some other 
form of Pneumocystis prophylaxis [1, 23-26]. 

The optimal duration of prophylaxis is unknown, with most transplant 
groups continuing this therapy for 6-12 months, unless patients have continuing 
anatomic risk factors that might predispose to a continuing risk of UTI. In addi- 
tion, more than one episode of UTI off prophylaxis should trigger the reinstitu- 
tion of an effective prophylactic regimen following a search for a correctable ana- 
tomic abnormality [1]. 

Therapy of symptomatic UTI in renal transplant patients is similar to that 
prescribed for nontransplant patients with UTI, with one notable exception - 
short-course therapy, single-dose or 3-day regimens have not been studied in this 
population. Accordingly, the standard of care is a 10- to 14-day course of an effec- 
tive antibiotic, usually a fluoroquinolone. The key issue in choosing the appro- 
priate antibiotic is to remember the potential for adverse interactions with cyclos- 
porine. Thus, therapy with aminoglycosides, or high-dose trimethoprim-sulfame- 
thoxazole (>160 mg trimethoprim/800 mg sulfamethoxazole per day) should be 
avoided [27]. 


Candiduria in the Renal Transplant Recipient 


One additional form of UTI is that caused by Candida. Although asymp- 
tomatic candiduria is frequently observed also in the general population, in the 
renal transplant patient it can be particularly dangerous because of the poten- 
tial for developing obstructing candidal fungal balls. This occurs most com- 
monly in diabetic patients with poorly functioning bladders. Once such candi- 
dal fungal balls develop, ascending candidal pyelonephritis and candidal sepsis 
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will ensue. For this reason, we preemptively treat even asymptomatic candiduria 
with oral fluconazole, or with low-dose amphotericin plus flucytosine, if this fails 
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All urinary tract infections (UTIs) in renal transplant recipients should be 
regarded as complicated. The frequency of UTI following renal transplantation 
may be as high as 79% [1, 2]. Most UTIs are acquired early after transplantation 
and are related to the use of indwelling urinary catheters in the immediate postop- 
erative period. The incidence is reduced if the catheter is removed early. Cathe- 
ter-related UTIs are not prevented by prophylactic therapy with cotrimoxazole 
[3]. Up to 12% of these ‘early’ UTIs may develop a complicating Gram-negative 
bacteremia [1]. 

Documented UTIs acquired from the donor kidney are rare. A small propor- 
tion of patients, usually women, on regular dialysis treatment may have an 
asymptomatic UTI when admitted for transplantation. This is more likely in 
patients who have a pre-existing urological problem such as urinary calculi or a 
neurogenic bladder. 

Major urological complications after renal transplantation, such as urinary 
leakage or obstruction, are uncommon, but are usually complicated by bacteri- 
uria. The incidence of UTI is lower in recipients who have had an antireflux 
procedure during the ureteric anastamosis, while the type of immunosuppression 
does not alter the risk of UTI. Asymptomatic bacteriuria or recurrent UTIs do not 
affect either patient or graft survival. However, acute pyelonephritis involving the 
transplanted kidney may occasionally cause rapid, but reversible, graft dysfunc- 
tion [4]. 

There has been some suggestion that transplant rejection may be precipitated 
by an Enterococcus faecalis UTI, but this has not been substantiated [2]. Occa- 
sionally the transplanted kidney may be infected by an unusual or fastidious 


Table 1. Number of UTIs documented during the first 12 weeks after renal transplan- 
tation in the last 62 consecutive patients 


Males (n = 34) Females (n = 28) 


Patients with UTI at 3 2 

time of transplant (P. aeruginosa 1; (both Streptococcus 
Klebsiella sp. 1; group B) 
S. epidermidis 1) 


Patients with a posttransplant 13 (8) 10 (3) 
UTI in first 3 weeks 

(Number of these with posttransplant 

urological complication) 


E. coli 1 5 (1 Acinetobacter sp.) 
E. faecalis 3 4 

Acinetobacter spp. 3 0 

S. epidermidis 2 1 

P. mirabilis 2 0 

P. aeruginosa 2 0 

Patients followed daily for 12 weeks 19 16 

Number of these with first posttransplant 1 3 (E. coli 2; 

UTI between 3 and 12 weeks (S. epidermidis) Citrobacter sp. 1) 


pathogen. If there is any doubt about the interpretation of the culture of a voided 
urine specimen then urine should be taken by suprapubic aspiration. Most cathe- 
ter-related UTIs are due to nosocomial organisms. There has been considerable 
interest recently in the bacteriology of the biofilm that forms on catheters and 
stents [5]. 

After graft function has stabilized, most UTIs are not usually associated with 
a urinary tract abnormality. However, if there was a documented early relapse, a 
focus of infection within the native kidneys, the grafted kidney or elsewhere in the 
urinary tract such as the prostate gland or a urinary calculus should be sus- 
pected. 

An audit on 30 consecutive renal transplants was undertaken in this depart- 
ment in 1988 [6]. Three (all women) of these 30 patients had a UTI present at the 
time of transplantation. A UTI was documented in 8 of the 21 men and 4 of the 9 
women within the first 5 days after transplantation when the urinary catheter was 
in place. Nineteen (63%) of these 30 patients had at least one documented UTI in 
the first 3 months. Following that audit it became our routine practice to remove 
the urinary catheter on day 3, rather than day 5, after transplantation. 
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A second audit completed in January 1995 studied the last 62 consecutive 
renal transplant patients (table 1). Five (8%) of these 62 patients had a UTI at the 
time of transplantation. Three of these 5 were males with a bladder-emptying 
problem. An additional 23 patients had a UTI within the first 3 weeks after trans- 
plantation and these infections were invariably related closely to urethral cathe- 
terization. Eleven of these 23 had required prolonged bladder or nephrostomy 
drainage. The majority of these infections in the males were with nosocomial 
organisms (table 1). Of these 62 patients, 35 were followed with daily urine cul- 
tures for 12 weeks and an additional 4 patients (3 women) developed a UTI. Soon 
after this we started leaving a double J ureteric stent in place for 28 days [7]. 

For those patients with stable graft function the management of a UTI should 
be the same as for any other complicated UTI. We treat such patients for 5 days. 
UTI involving the native kidneys is uncommon, but should be considered if the 
patient fails a standard 5-day curative regimen. These patients pose a diagnostic 
and therapeutic dilemma. As it is difficult to achieve adequate antibiotic concen- 
trations in poorly perfused native kidneys, surgical intervention may be required 
to eradicate a persisting focus of infection. 

Thirteen percent of our transplant patients have experienced recurrent UTIs, 
which have been successfully controlled with conventional long-term, low-dose, 
prophylactic drug regimens such as nitrofurantoin 50 mg nocte, trimethoprim 
100 mg nocte or norfloxacin 200 mg nocte. 
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Young, sexually active women often experience symptomatic urinary tract 
infections (UTIs). In contrast, infections in men between the ages of 15 and 50 are 
uncommon [1, 2]. Most UTIs in males occur in babies with urological anomalies, 
in older men with prostatic hypertrophy, or after invasive urogenital procedures 
[1-3]. 

Reports from the United States that UTIs are more common in homosexual 
men than in heterosexual men have not been confirmed in Europe [4, 5]. In the 
late 1980s, however, we noted the occurrence of several UTIs in men infected 
with human immunodeficiency virus type 1 (HIV-1). The prevalence of such 
infections among patients infected with HIV-1 is unknown; however, others have 
also suggested the incidence to be high [6, 7]. Moreover, it is not known whether 
UTI is generally more common in immunocompromised patients, renal trans- 
plant patients excepted [2, 8]. Because of this, we analyzed the occurence of bacte- 
riuria in men infected with HIV in relation to their immune status (CD4+ cell 
count) for a 2-year period until February 1990. Thereafter, we prescribed Pneu- 
mocystis carinii pneumonia (PCP) prophylaxis in all patients with a CD4+ cell 
count <200/mm3. Moreover, for this meeting we analyzed retrospectively the 
effect of three types of PCP prophylaxis on the incidence of bacteriuria and devel- 
opment of resistance. 


Methods 


Patients and Methods [cf. 9] 

In brief, all eligible patients (n = 130) were men who attended the Department of 
Internal Medicine (Section of Immunology and Infection) at the University Hospital 
Utrecht, The Netherlands, between December 1987 and February 1990. They were eligible 
for both studies if they met the following criteria: HIV infection documented by the 
enzyme-linked immunosorbent assay with Western blot confirmation and had no indwell- 
ing catheter or recent urologic manipulation. 

Informed consent was obtained from all patients. No primary prophylaxis for PCP had 
been prescribed before February 1990. Thereafter, primary PCP prophylaxis was started 
with either cotrimoxazole at a low (480 mg) or a high dose (960 mg) daily, or pentamidine 
aerosol monthly in patients with CD4+ cell count <200 mm? [10]. The first study was termi- 
nated in February 1990. 

In the first study, urinary cultures were obtained during the first visit and every 
6 months thereafter, and when signs or symptoms of UTI were noted, or the patients had 
fever of unknown origin. An episode was considered symptomatic in the presence of fever 
=> 38.0°C (without the presence of other infection sites) and signs (frequency, urgency, dysu- 
ria) or symptoms (flank pain) of UTI. We divided the patients into three groups according to 
their CD4+ cell count: group I <200 mm}, (n = 47); group II 200-500/mm? (n = 27) and 
group III >500/mm? (n = 24). Grouping was based on the CD4+ cell count at the time of a 
positive urinary culture or, when no positive cultures were found, on the last CD4+ cell 
count noted. Subsequently, to study the influence of primary and secondary PCP prophylax- 
is (960 mg) on bacteriuria and TMP/SMZ resistance (2nd study), we cultured during 
4 months (December 1994 until March 1995) all men (n = 103) receiving PCP prophylaxis 
at least once. We also checked files for documented bacteriuria in the past. 


Laboratory Studies 

Urine for urinary culture and urinalysis was obtained by the midstream clean-catch 
method. A urinary culture was considered positive if > 10° CFU/ml were grown for Gram- 
negative rods and > 104 CFU/ml for Enterococcus faecalis. When a positive urinary culture 
was found in an asymptomatic patients, the test was repeated and only considered positive if 
it yielded growth of the same microorganism. Bacteria were identified by standard bacterio- 
logical and serological methods [11]. Relapsing infections (n = 1) were differentiated from 
reinfections and were considered to belong to the same episode of infection. Leukocyturia 
was noted if five or more leukocytes were seen in a high-power microscopic field of urinary 
sediment. In the retrospective study, TMP/SMZ resistance was defined as an MIC >4 mg/ 
76/liter. 


Statistical Analysis 

The effect of PCP prophylaxis on the occurrence of bacteriuria and resistance develop- 
ment was compared by Kaplan-Meier curves. Data were analyzed with SYSTAT and with 
the primer of biostatistics program [12]. 


van Dooyeweert/Schneider/Borleffs/Hoepelman 38 


Results 


Relationship between Bacteriuria and CD4+ Cell Count 

Thirty of the 130 eligible patients were excluded because of insufficient fol- 
low-up information with respect to urinary cultures (n = 13), CD4+ cell count (n = 
11) or both (n = 6). Moreover, | patient with hemophilia, urethral stenosis and 
recurrent UTI, a CD4+ cell count of 104/mm3, and a nephrectomy for renal 
abscesses in the past, was excluded. Of the 5 hemophilic patients, he was the only 
one who presented with a UTI. One patient with a CD4+ cell count of 243/mm3 
was excluded because he presented with a urosepsis due to hephrolithiasis. Thus, 
data from 98 patients were analyzed for the first study. The patients in all groups 
were comparable in age, follow-up period (p = 0.39), sexual behavior and Kar- 
nofsky scale of performance at the end of the follow-up period. There was signifi- 
cant difference between groups in the number of admissions (p = 0.011) and the 
number of days the patients were hospitalized (p = 0.02). Eighty-nine (91%) were 
either homo- or bisexual. 

Table 1 shows the results of the urinary cultures. Of the 47 patients in group 
I, 30% (14) had at least one period of bacteriuria. There were 21 episodes, 13 
(62%) of which were symptomatic including 7 with fever of unknown origin. Leu- 
kocyturia was present in 5 (24%) episodes. Infecting microorganisms were: 
Escherichia coli (n = 8); E. faecalis (n = 6); Klebsiella pneumoniae (n = 3); B- 
hemolytic streptococci group B (n = 2); Staphylococcus aureus (n = 1); Enterobac- 
ter aerogenes (n = 1) and Proteus mirabilis (n = 2). In two urinary cultures two 
species were grown. One patient with E. faecalis developed bacteremia. 

In group II, 3 (11%) patients had bacteriuria, with 5 episodes. Two (40%) of 
these episodes were symptomatic. Leukocyturia was present in 3 (60%). Infecting 
microorganisms were E. coli(n = 3), Acinetobacter anitratum (n = 1), and B-hemo- 
lytic streptococci group B (n = 1). No patients in group III had bacteriuria. 


Table 1. Results of urinary cultures 


CD4+ 
<200/mm3 200-500/mm? >500/mm?3 


Patients 47 27 24 
Patients with a positive urinary culture 14 3 0 
Episodes 21 5 - 
Symptomatic 13 2 - 
Asymptomatic 8 3 - 
Leukocyturia 5 3 - 
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Fig. 1. Relationship between the CD4+ cell counts and bacteriuria. 


When a UTI was diagnosed, therapy with a quinolone was prescribed (for 
2 weeks) and cultures were repeated at 2 weeks, 6 weeks, 3 months and every 
6 months thereafter. One patient with a relapse was treated for 6 weeks with 
ciprofloxacin. The rate of bacteriuria per patient-month, 4 (group I) versus 2 
(group II), differed significantly (p < 0.001). Moreover, with logistic regression 
analysis, a significant relationship between CD4+ cell count and bacteriuria was 
found (p = 0.00003) (fig. 1). No relationship to anal intercourse (p = 0.48), Kar- 
nofsky score (p = 0.2), days spent in hospital (p = 0.3), or age (p = 0.36) was found, 
however. 

A significant difference was documented between groups in the number of 
admissions and days spent in hospital. However, bacteriuria developed in only 3 
of 17 (18%) patients, and 4 of 26 (15%) episodes during hospitalization, no signif- 
icant relationship between number of admissions or days spent in hospital was 
found (with logistic regression). All but one (an IV drug user) period of bacteriuria 
occurred in homosexual males. Analysis of our data did not change significantly 
after deleting this individual, nor after deleting all the 9 heterosexual men from 
the analysis. 
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Table 2. Influence of PCP prophylaxis on the incidence of UTI 


TMP/SMZ TMP/SMZ Pentamidine 


(480) (960) 
Patients 52 23 23 
CD4+ count 71 (5-193) 45 (0-205) 42 (2-198) 
Cultures 113 59 102 
Follow-up, weeks 62 (6-120) 63 (4-240) 98 (22-240) 
Positive cultures 12 7 14 
Months 14 8 18 
Patients with positive cultures 9 (17%) 5 (22%) 9 (32%) 
Number TMP/SMZ-resistant 12 (86%) 7 (88%) 11 (61%) 
Time to resistance, weeks 4-154 1-88 1-171 


There were no significant differences in sexual behavior between the three 
groups. In group I, 7 (50%) patients with bacteriuria currently practiced rectal- 
insertive intercourse (active, passive or both); the sexual behavior of 3 (21%) oth- 
er patients was unknown. Of the patients without bacteriuria, 17 (52%) practiced 
anal intercourse, while the sexual techniques of 8 (24%) others were unknown. In 
group II all patients with a positive urinary culture practiced rectal-insertive inter- 
course. Fifteen (63%) patients without bacteriuria also had anal intercourse, while 
the sexual behavior of 3 (13%) was unknown. In group III, 16 (66%) patients had 
anal sexual contacts and 3 (13%) had unknown sexual techniques. All patients 
who practiced anal intercourse claimed to use condoms. 

In group I, 6 patients reported a history of UTI, and 3 of them developed 
bacteriuria during the study period. In group II, none, and in group III, 2 patients 
remembered a previous UTI. A total of 23 (24%) patients used zidovudine (AZT) 
at the time of the study, 21 of them in group I. Of these 21, 8 (38%) were bacteriur- 
ic, not significant when compared to nonbacteriuric patients who used AZT. 
Three (14%) patients were granulocytopenic and 6 (23%) episodes were accompa- 
nied by granulocytopenia (<500/mm?) (NS). In group II none of the patients with 
bacteriuria used AZT. Secondary PCP prophylaxis was used by 6 patients in 
group I. None ofthem had a positive urinary culture. 


Effect of PCP Prophylaxis on the Incidence of Bacteriuria 

Previously, we have shown that TMP/SMZ is more effective as primary PCP 
prophylaxis than pentamidine [10]. Both, however, remain in use in our hospital. 
For secondary PCP prophylaxis we use a high (960 mg) dose of TMP/SMZ. We 
now analyzed the possible effect of these regimens on bacteriuria. Table 2 shows 
that the number of patients with a positive culture using pentamidine, 9 (32%), 
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Fig. 2. Probability of survival without a positive urinary culture as a function oftime. 


was not significantly different (p = 0.207) from patients using low-dose, 9 (17%), 
or high-dose TMP/SMZ, 5 (22%). When we compare the group of patients using 
low-dose TMP/SMZ with those using TMP/SMZ (960 mg), no difference was 
found either (fig. 2.). Although, not significantly different more strains (87%) in 
patients receiving TMP/SMZ were resistant than strains cultured from patients 
receiving pentamidine (61%) (table 2, fig. 3). One should remember that all the 
patients have been exposed previously to TMP/SMZ. 


Discussion 


Infection of the urinary tract is usually considered a female problem. The 
occurrence of UTI in men has, however, been studied in different patient groups 
[1-5, 13]. Two studies on the incidence and prevalence of UTI among homosex- 
ual men have yielded conflicting results [4, 5]. In our clinic, we noticed an unusual 
number of UTI in patients infected with HIV-1. 

In the prospective study, published previously [9], a clear relationship be- 
tween bacteriuria in males infected with HIV-1 and their CD4+ cell count was 
documented (fig. 1). In the group of patients with a CD4+ cell count <200/mm3, 
30% developed bacteriuria, while in only 11% of the patients with CD4+ cells 
between 200 and 500/mm3, was a positive urinary culture found. No bacteriuria 
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Fig. 3. Probability of survival without a TMP/SMZ-resistant microorganism as a func- 
tion oftime. 


was found in patients with a CD4+ cell count >500/mm? (table 1). Moreover, the 
rate of bacteriuria per patient-month, 4 (group I) versus 2 (group II), differed 
significantly (p <0.001). 

Although infections are among the main events in immunocompromised 
hosts, UTI is a rare symptom of immunodeficiency (excluding renal transplant 
patients) [8]. A relationship between mental status, incontinence of bladder and 
bowel and mobility has been found in the elderly [13]. In our study, however, no 
significant difference in the Karnofsky performance score or the mental status 
between the groups, nor between patients with or without bacteriuria was found 
[9]. Moreover, in an ongoing activities-of-daily living study, all patients with bac- 
teriuria claimed complete continence and were both mobile and independent 
[9]. 

Hospital admissions are known to predispose to nosocomial infections, 
among them UTI. A significant difference between hospital admissions and days 
spent in hospital was found between the groups. However, 22 of 26 (85%) epi- 
sodes of bacteriuria were not associated with hospitalization and with logistic 
regression analysis no such relation was found. Therefore, hospitalization does 
not account for the association found between CD4 cell count and bacteriuria. 
The pathogenesis, therefore, is still unclear. 

A relationship between symptoms, carriage of pathogens causing the ‘gay 
bowel syndrome’, and HIV infection with a low CD4+ cell count has been found 
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in homosexual men [14, 15]. Many extraintestinal-occurring-opportunistic infec- 
tions were also found among these men. Moreover, it was not clear from these 
studies whether this association was directly related to other independent vari- 
ables, such as extensive anal intercourse. 

Stamey [15] noted that male sex partners of women with vaginal colonization 
by Gram-negative bacilli may develop transient urethral colonization with the 
same organisms. Although generally believed to be unimportant in men, pre- 
sumed heterosexual transmission of UTI through intercourse has been reported 
[16]. Moreover, using tissue cultures from dogs, Schwarz [17] showed that 
labelled E. coli inoculated into a mucosal lesion of the distal sigmoid colon were 
recovered from both kidneys. The pathway he suggested, either via lymphatic 
channels directly to the kidney or through lymphatics into the bloodstream and 
then to the kidney, is, however, contradictory. 

In this study, we did not find any differences in current sexual behavior 
between the bacteriuric and the nonbacteriuric patients. Moreover, current anal 
intercourse was not found to be a risk factor. Although the follow-up period in the 
three groups was no significantly different, there may have been differences in the 
frequency of exposures through anal intercourse. However, a considerable num- 
ber of patients with bacteriuria did not practice anal intercourse and all patients 
with bacteriuria claimed to use condoms. Knowing the route of transmission of 
HIV in homosexual men, it seems justified to conclude that all patients practiced 
unprotected anal intercourse in the past. It is known that the prostate gland is a 
source for endogenous reinfections [1, 2, 16]. 

Unexpectedly, there was no difference in the rate of bacteriuria between 
patients using TMP/SMZ and those using pentamidine as PCP prophylaxis (ta- 
ble 2, fig. 2). This may be partially explained by the fact that people are infected 
with resistant microorganisms. A recent article [18] showed the same. 

In summary, we conclude that patients infected with HIV-1 and having a 
CD4+ cell count <200 mm? are at increased risk for bacteriuria. These UTI may, 
however, remain undiagnosed, since only 60% were symptomatic in our study. 
PCP prophylaxis with trimethoprim/sulfamethoxazole does not significantly 
influence the rate of bacteriuria, probably due to the development of resistance. 
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Urinary Tract Infections in Young Men 
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Recent data suggest that HIV infection, particularly when the CD4 count 
falls below 200 cells/mm?, may be associated with an increased risk of bacteriuria 
and symptomatic urinary tract infection in men [1]. These studies are clearly of 
interest, but additional studies are needed to clarify whether the increased risk of 
urinary tract infection is definitely related to immunodeficiency or to other fac- 
tors. Other potential factors of importance would include the increased rates of 
hospitalization, catheterization, and the generally declining functional status that 
usually accompanies advanced illness. Certainly, these factors have been related 
to the risk of urinary tract infection in elderly patients. 

In addition to HIV infection, other factors identified in recent years appear 
to predispose otherwise healthy young men to acute uncomplicated urinary tract 
infection. In a case-control study done by Barnes and our group in the early 1980s 
[2], acute uncomplicated urinary tract infection in sexually active young men was 
associated with homosexuality. Although insufficient data were available to asso- 
ciate specific sexual practices with urinary tract infection in the study, it was pro- 
posed that insertive rectal intercourse likely predisposed these male patients to 
Escherichia coli that was acquired sexually. Of interest was the fact that 8 of the 11 
E. coli strains available for testing were of urovirulent phenotypes, expressing P 
adhesins, hemolysin, aerobactin, and belonging to urovirulent O, K and H sero- 
groups. Thus, it was proposed that sexual exposure via rectal intercourse to urovi- 
rulent strains predisposed to uncomplicated urinary tract infections. Also of inter- 
est was the fact that these patients in some cases presented with typical urinary 
tract symptoms (dysuria, urgency, frequency, pyuria, and hematuria), whereas 
other cases presented more as if they had urethritis with complaints of urethral 
discharge and urethritis shown by urethral Gram-stain. 

In a second study done by our group [3], Spach and co-workers performed a 
retrospective case-control study of men with urinary tract symptoms who had 
urine cultures obtained. These men attended the same clinic as those men studied 


by Barnes ct al. [2]. In this study, 26 bacteriuric cases were compared with 52 
symptomatic but culture-negative controls. Lack of circumcision was present in 
31% of the cases but only 12% of controls (p = 0.04). When the analysis was 
performed just on those patients having infections with Gram-negative rods, 8 
(42%) of 19 of the infected men were uncircumcised versus 8 (12%) of the 52 
controls (p = 0.004). In this study, 19% of the cases and 19% of the controls were 
homosexual men. Of those tested (approx. 40%), only 1 man was HIV-positive. 
As in the first study, the majority of the E. coli strains tested (10 of 14) expressed 
the urovirulence properties cited above. 

Finally, in another study done at the University of Washington, Krieger et al. 
[4] described the occurrence of acute uncomplicated urinary tract infection in 38 
healthy university men attending the student health clinic. These patients com- 
plained of typical symptoms of lower urinary tract infection and in 93% of cases 
E. coli was isolated. The strains were not typed for virulence characteristics. 
Eighty-seven percent of the men were circumcised, all claimed to be heterosexual, 
and all were sexually active with female partners. Eighty-four percent of the 
patients had no history of a genitourinary abnormality, and all who returned for 
follow-up had responded to 10-14 days of therapy with antimicrobials. Eleven 
had IVPs and uroflow studies performed and all were within normal limits. 

Taken together, the above studies suggest that although infrequent, urinary 
tract infections of an uncomplicated nature occur in sexually active young men. 
The infecting organisms are probably acquired by either rectal or vaginal inter- 
course. Interestingly, the infections are generally caused by urovirulent E. coli 
clones similar to those causing pyelonephritis in women. Lack of circumcision 
may increase the risk of infection. Clinically, the infections may present like a 
urinary tract infection or in some cases like nongonococcal urethritis. Although 
not rigorously studied, most of these patients appear to respond to 10-14 days of 
antimicrobial therapy and urological studies may not be generally warranted. Fur- 
ther studies of these issues would be of interest. 
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Urinary Tract Infection in Renal Transplant 
Patients 
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Urinary tract infection (UTI) is the most common form of infection affecting 
renal transplant recipients. Its incidence has been reported to vary from 35 to 
79% [1, 2]. UTI during the first few months posttransplant is frequently associat- 
ed with overt pyelonephritis, bacteremia, allograft dysfunction and a high rate of 
relapse. Acute pyelonephritis after kidney transplantation is often accompanied 
by fever and chills, allograft tenderness and deteriorating renal function. In a diag- 
nostic differentiation from a rejection episode, urine culture, microscopic exami- 
nation of the urine and allograft ultrasonography are helpful, in some cases also 
fine-needle graft biopsy is necessary. 


Predisposing Factors of UTI in Renal Transplant Recipients 


What are the predisposing factors of UTI in renal transplant recipients? (1) 
Decreased immunologic competence due to immunosuppressive therapy leads to 
a weakened inflammatory response to a microbial invasion. (2) Nosocomial 
threats include invasive instrumentation during surgery, indwelling urinary cath- 
eter, and environmental contamination with antibiotic resistant pathogens (e.g., 
Pseudomonas aeruginosa, Legionella, Aspergillus). (3) Secondary bladder dys- 
function and/or reflux into graft urinary tract. (4) Urologic complications (e.g., 
urinary leak, fistula, lymphocele with ureteral obstruction). (5) Renal function 
impairment (allograft dysfunction). (6) Bacteria in the donor kidney (rare). 

In general, the treatment guidelines for UTI following renal transplantation 
comprise immediate initiation of antibacterial or antifungal chemotherapy, while 


Table 1. UTI following renal transplant - empiric antimicrobial chemotherapy 


First choice Alternatives 
Mild to Fluoroquinolones PO Oral cephalosporins 
moderate Trimethoprim/sulfamethoxazole PO Amoxicillin/clavulanate PO 
illness Ampicillin/sulbactam PO 
Severe Fluoroquinolones IV Ticarcillin/clavulanate 
illness Ureidopenicillins IV Aztreonam! 
(azlocillin, piperacillin/tazobactam) Imipenem 


Third-generation cephalosporins IV 
(ceftazidim, cefoperazone, etc.) 


! Gram-negative infections with allergy or resistance to penicillins or cephalosporins. 


predisposing factors and allograft functional parameters are considered. Possibly 
nephrotoxic substances should be avoided and chemotherapy should be individu- 
ally prolonged (a 2- to 6-week course may be necessary in some cases). Subsequent 
long-term chemoprophylaxis is quite effective in preventing UTI relapses. Cer- 
tain antimicrobial agents have the highest rate of drug interactions with cyclospo- 
rine A: (1) Pharmacokinetic interactions (via the hepatic cytochrome P45) enzyme 
system) lead either to enzymatic enhancement and decreased cyclosporine serum 
levels (e.g., rifampin), or to enzymatic down-regulation and increased cyclospo- 
rine serum levels (e.g. macrolides, ketoconazole, itraconazole). Appropriate 
cyclosporine A dose adjustment is necessary when one of these or analogous 
antimicrobial agents is used. (2) Idiosyncratic nephrotoxic reactions causing oli- 
guric acute renal failure may occur with amphotericin B, aminoglycosides, vanco- 
mycin, itraconazole, and trimethoprim-sulfamethoxazole. 

Recommended antibacterial regimens suitable for UTI therapy in renal 
transplant patients are (table 1): (1) fluoroquinolones, (2) cephalosporins and (3) 
penicillins (alone or potentiated by B-lactamase inhibitors). 

Monobactams or carbapenems are possible alternatives. Concerning fluoro- 
quinolones, good results have been observed with ciprofloxacin and fleroxacin 
[3]. In our experience, pefloxacin is excellent due to its low nephrotoxicity, once- 
daily dosing (no dose reduction is necessary in renal impairment due to predomi- 
nant extrarenal metabolism), nearly 100% oral bioavailability, and long-lasting 
therapeutic urine levels (up to 5—7 days after a single oral dose) [4]. 

Increasing emphasis is now being placed on prophylactic and pre-emptive 
strategies — long-term UTI prophylaxis in renal transplant recipients: (1) Low- 
dose trimethoprim-sulfamethoxazole (480 mg p.o. at bedtime) provides also effec- 
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tive prophylaxis against Pneumocystis carinii, Nocardia spp. and Listeria mono- 
cytogenes. The possibility of idiosyncratic reactions with cyclosporine A exists [5]. 
(2) Fluoroquinolones are better tolerated than, and at least as effective in UTI 
prevention as cotrimoxazole, but with a higher incidence or Pneumocystis pneu- 
monia (combination with aerosolized pentamidine needs further evaluation). 


Fungal UTI in Renal Transplant Recipients and Their Risk Factors 


Factors associated with funguria are: (1) diabetes mellitus; (2) urinary blad- 
der dysfunction; (3) indwelling urinary catheter; (4) vaginal mycosis and other 
forms of mucocutaneous candidiasis; (5) prolonged antimicrobial chemotherapy, 
and (6) decreased immunologic competence. 

Every documented episode of candidal UTI (asymptomatic candiduria, can- 
didal cystitis or pyelonephritis) requires effective systemic antifungal chemother- 
apy. Candidal infections, even when initially associated with minimal symptoms, 
should be approached aggressively in transplant patients [1]. 

Fluconazole is active against Candida albicans and C. tropicalis, but usually 
ineffective against C. krusei and C. glabrata (although our own experience is that 
C. glabrata sepsis may be successfully treated with fluconazole). Fluconazole can 
be administered orally, or intravenously. It is a triazole antifungal agent with a 
very low affinity for human cytochrome Pyso and consequently, not expected to 
interact with drugs, including cyclosporine, metabolized through this system [6]. 
Minor adjustments in cyclosporine dose may be necessary when given with flu- 
conazole. In our own experience, prolonged treatment duration has been safe in 
transplant recipients. 

Itraconazole and ketoconazole both down-regulate the P459 cytochrome sys- 
tem. Addition of low-dose ketoconazole (100-200 mg/day regimen) to cyclospo- 
rine-treated kidney transplant recipients allowed a decreased dose of cyclosporine 
A by 20-30%; this is not only cost-saving, but may have a favourable effect on 
graft and patient outcome. A significantly lesser incidence of fungal infections has 
been reported in these patients [7]. 

Amphotericin B should be used with caution in renal transplant recipients 
due to its nephrotoxicity predominantly in fluconazole-resistant C. krusei and 
C. glabrata. Liposomal amphotericin B is an effective alternative [8]. In our expe- 
rience, urine typically becomes culture-negative after 1-4 days of dosing at 
50 mg/day. The very low incidence of toxicity with this preparation is particularly 
useful in renal transplant patients on cyclosporine immunosuppression with 
impaired renal function. 
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Urinary Tract Infections in Patients on 
Anticancer Drugs 


Tetsuro Matsumoto, Misao Sakumoto, Shuji Kotoh, Joichi Kumazawa 


Department of Urology, Faculty of Medicine, Kyushu University, Fukuoka, Japan 


Anticancer drugs impair the defense mechanisms against infections includ- 
ing urinary tract infections (UTIs) [1]. Defense mechanisms of UTIs are cellular, 
humoral, and others depend on the normal urinary tract. One of the most impor- 
tant defenses is polymorphonuclear leukocytes, which are decreased in number 
and function by anticancer drugs [2]. Urological anticancer therapy combines 
drugs to achieve increase of anticancer effect accompanied by a decreased toxici- 
ty. The main combination chemotherapies against urologic cancers are M-VAC 
and CMV (see below) therapy for transitional cell carcinoma, and VAB-6 and 
PVB for testicular cancer. 

Intravesical instillation of anticancer drugs is usually performed to prevent 
recurrence of superficial bladder cancer. Cystitis may be due to injury of the uro- 
epithelium following frequent catheterization. 

We examined the leukocyte count and function in cancer patients undergo- 
ing anticancer chemotherapy, and evaluated the incidence of infectious complica- 
tions during anticancer chemotherapy and in particular intravesical instillation. 


Materials and Methods 


Leukocyte chemiluminescence response: Leukocyte function was investigated in 8 
patients (mean age 64.7) undergoing M-VAC (methotrexate, vinblastine, Adriamycin and 
cis-platinum) therapy by using luminol-dependent chemiluminescence response of leuko- 
cytes stimulated by formyl-methionyl-leucyl-phenylalanine (FMLP). Leukocytes were iso- 
lated from peripheral blood of patients by using Ficoll-Hypaque, indicating that the chemi- 
luminescence detected the phagocytic and killing function of each leukocyte. 
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Fig. 1. Peripheral leukocyte counts in patients undergoing two courses of M-VAC ther- 
apy. Each value was mean + SD of 8 patients. 


UTIs in patients on anticancer drugs: Infectious complicationswere analyzed in 82 
patients who were treated by various combination anticancer chemotherapy regimens. 50 
patients of M-VAC therapy, 7 of CMV (cis-platinum, methotrexate and vinblastine) thera- 
py, 6 of VAB-6 (cis-platinum, vinblastine, actinomycin D, pepleomycin and cyclophospha- 
mide) therapy, 8 of PVB (cis-platinum, vinblastine and bleomycin) therapy and 11 of other 
regimens. 

Intravesical instillation therapy: Intravesical instillation therapy to prevent recurrence 
of superficial bladder cancer was performed for 81 courses in 76 patients (33 courses of 
Adriamycin, 20 of epirubicin and 28 of mitomycin C plus cytosine arabinoside) during the 
recent 3 years. Instillation was performed 5-30 times in each course of therapy. 


Results 


Chemiluminescence: M-V AC therapy was studied in two courses, each com- 
pleted within 3 weeks. The second course was assisted by granulocyte colony- 
stimulating factor (GCSF), but the first course was not. White cell counts in 
peripheral blood was reduced on days 8 and 15, and back to normal on day 30. 
The second course of chemotherapy was performed after the leukocyte counts had 
recovered (fig. 1). GCSF was administered 7 times every day from day 8. Chemi- 
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Fig. 2. Chemiluminescence response of peripheral leukocytes from patients undergo- 
ing the first course of M-VAC therapy. Each value was mean + SD of 8 patients. 


Table 1. Incidence of infectious 


complications in patients undergoing anti- Leukocytes Patients 


cancer chemotherapy ät nadir infected noninfected 
n % 
= 4,000 3 23 10 
3,000 1 6 15 
2,000 4 27 11 
1,000 7 23 23 
<1,000 4 50 4 
Total 19 23 63 


luminescence response was significantly reduced on days 8 and 15, and gradually 
recovered on days 29-37 (fig. 2). This finding suggested that M-VAC therapy 
reduced not only the leukocyte count but also the leukocyte function. During the 
second course of M-VAC therapy the leukocyte chemiluminescence response was 
significantly reduced, but it normalized promptly after the administration of 
GCSF (fig. 3). This finding suggests that GCSF increases leukocyte count and 
normalizes leukocyte function impaired by anticancer drugs. 
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Fig. 3. Chemiluminescence response of peripheral leukocytes from patients undergo- 
ing the second course of M-VAC therapy. Each value was mean + SD of 6 patients. 


UTI in patients on anticancer drugs: Infectious complications were observed 
in 19 (23%) patients. When the leukocyte count at nadir was over 1,000/mm3, 
infections were observed in 6-27% of the patients. However, 50% of the patients 
were infected when the leukocyte count was reduced below 1,000/mm? (table 1). 
Pyelonephritis and cystitis were observed in 3 (3.7%) and 8 (9.8%) patients, 
respectively. All patients suffering from pyelonephritis had undergone radical 
cystectomy and ileal conduit before anticancer chemotherapy. The bacteria iso- 
lated from urines was Pseudomonas aeruginosa in pyelonephritis and Enterobac- 
teriaceae (Escherichia coli or Enterobacter cloacae) in cystitis. Gram-positive 
organisms were isolated in other infectious complications. 

UTIs in patients undergoing intravesical instillation: One (1.2%) case of 
pyelonephritis and 6 (7.4%) cases of cystitis were observed during intravesical 
instillation therapy. The patient with pyelonephritis had a neurogenic bladder 
and vesicoureteral reflux. P. aeruginosa was isolated from 3 patients. 


Discussion 
Clearly, granulocytopenic cancer patients are at risk of infections, not only 


because of a lowered number of phagocytic cells, but also because of changes in 
the permeability of physical defense barriers. The cancer patient is a complex 
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compromised host [1]. The importance of granulocytopenia as a risk factor for 
developing serious infectious complications in the patients with cancer was ini- 
tially elucidated by Bodey et al. [3]. They showed that a drop of the granulocyte 
count below 1,000/mm? led to a 12% incidence of fever or infection. In our series, 
infectious complications occurred when leukocyte counts were below 1,000/mm?; 
then infections were found in half of the patients. 

The incidence of UTIs on the anticancer chemotherapy is controversial. 
Sickles et al. [4] reported an incidence of 26% UTI in 344 patients. Recently, 
2-7% of all infectious complications associated with anticancer chemotherapy 
were UTIs [5]. UTIs, pyelonephritis and cystitis were observed in 3.7-9.8% 
among our patients. Pyelonephritis followed radical cystectomy and ileal conduit 
operations before anticancer chemotherapy. Hydronephrosis, reflux of urine 
from conduit and colonized bacteria in the conduit intestine may relate to the 
upper UTI. 

Leukocyte counts and functions were reduced by anticancer chemotherapy, 
but these factors were promptly normalized by concomitant use of GCSF. In con- 
clusion, when leukocyte count is below 1,000/mm?, GCSF should be used togeth- 
er with anticancer chemotherapy to decrease the risk of infectious complications, 
including UTIs. 
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Urinary Tract Infections in Patients on 
Glucocorticosteroid Therapy 


Endre Ludwig 


Péterfy Teaching Hospital, Budapest, Hungary 


Steroid therapy is listed among the complicating factors increasing the risk 
for urinary tract infections (UTIs). The consensus regarding the deleterious effect 
of steroids on host defense is in general based on in vitro studies and clinical 
observations [1]. The increased susceptibility to infections is mainly related to: 
(a) impaired function and diminished chemotactic activity of neutrophils; 
(b) reduced production of cytokines; (c) reduced macrophage activity, and (d) al- 
tered function of lymphocytes. 

It seems probable that cell-mediated immunity does not play an essential role 
in host defense of UTIs. Antibodies may decrease kidney tissue damage and may 
prevent colonization and recurrences [2], but the clinical relevance of these fac- 
tors is uncertain. 

When considering the impact of steroid administration on UTIs, the follow- 
ing three questions should be considered: (1) Is the incidence of UTIs in patients 
on steroid therapy above the average? (2) Is the clinical manifestation of UTI 
different (more severe) in these patients compared to the situation in those with- 
out steroids? (3) Is there a need to develop special strategies for the prevention 
and treatment of UTIs in patients with steroid therapy? 

Unfortunately, the lack of data and an array of problems in the evaluation of 
results in this group of patients characterizes this problem. The number of con- 
trolled studies addressing any of the above questions is very small or nil and avail- 
able results are conflicting. Only a few clinical situations warrant steroid mono- 
therapies without concomitant medication. Many patients on steroid therapy also 
receive other immunosuppressive agents such as cyclosporines or cytostatics, etc, 


making assessment of the contribution of each factor rather challenging. The 
greatest proportion of patients with long-lasting systemic steroid therapy are suf- 
fering from rheumatoid arthritis, a disease which itself may cause immunosup- 
pression due to impaired monocyte chemotactic response and depressed bacteri- 
cidal function [3]. 

Thus, in answering the questions above, one has to resort rather to clinical 
experience and impressions than on well-conducted clinical trials. 


Incidence of UTIs in Patients on Steroid Therapy 


In a prospective study, Burry [4] showed that the incidence of asymptomatic 
bacteriuria was 15.6% in patients with rheumatoid arthritis when they were on 
steroid therapy as compared to 5.6% without steroid medication. Lawson and 
McLean [5] in autopsied patients with rheumatoid arthritis found pyelonephritis 
in 47.5%, which is significantly higher than the rate of 10-20% in unselected 
cases. 

In a recently published prospective study, Karnik et al. [6] compared the 
effects of high-dose dexamethasone (ca. 100 mg parenterally for 3 days) and pla- 
cebo in the adjunctive therapy of subarachnoidal hemorrhage. 107 patients were 
included in the dexamethasone group and 64 patients in the control arm. The only 
adverse effect of dexamethasone therapy was the higher incidence of UTIs (14 vs. 
4.6%). The pathogen species were not shown. 

Several studies list steroid administration as a predisposing factor for UTIs 
caused by Candida, Pseudomonas or Enterobacteriaceae species. Corticosteroid 
therapy might have contributed to the development of Mycobacterium fortuitum 
infection in a 73-year-old patient treated for bronchial asthma [7]. 


Clinical Manifestations of UTIs in Patients with Steroid Therapy 


There are no convincing data on the more severe nature of UTIs in patients 
with steroid therapy. Papillary necrosis is one of the manifestations of a severe 
renal infection. Harvald [8] found a high incidence of papillary necrosis in 
patients treated with steroids, but others [5] could not confirm this finding. 
Detailed analysis of the clinical nature and treatment results of UTIs have not 
appeared in relevant publications [4, 6], although Karnit et al. [6] mentioned that 
cure from UTIs occurred without any problem. 
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The Need ofa Special Strategy for the Prevention and Treatment of 
UTIs in Patients on Steroids 


No study in the English or German literature that could suggest a significant- 
ly different approach to UTIs regarding prevention and treatment strategies in 
patients on steroid therapy could be found — except for some general statements. 
The lack of data by itself indicates that steroid monotherapy does not profoundly 
influence the occurrence of UTIs. The majority of patients on steroids are 
exposed to several other risk factors, such as other immunosuppressive drugs, 
catheterization, and neutropenia. This would seem to obviate any need to identify 
the precise effect of steroids on immunosuppression. 

In summary, steroid administration appears to increase the incidence of 
UTIs and promotes the incidence of UTIs caused by opportunistic pathogens. 
However, there are scant data on the basis of which one should initiate the devel- 
opment of specific strategies for prevention and treatment of UTIs in this 
cohort. 
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Prostatitis continues to be a major clinical enigma. About every second man 
will experience symptoms of prostatitis during his lifetime. The term ‘prostatitis’ 
implies an inflammatory disease, but true bacterial infection is detected in only 
5-10% of patients. Essentially, three clinical types of real inflammatory prostati- 
tis are widely accepted: acute and chronic bacterial and nonbacterial prostatitis. 

Chronic bacterial prostatitis (CBP) is a disease characterized by relatively 
asymptomatic periods between episodes of recurrent bacteriuria. It is impossible 
to diagnose by physical examination only. It is characterized by small numbers of 
bacteria in the prostatic fluid and may be difficult to eradicate by antimicrobial 
therapy. Most patients are asymptomatic until they have recurrent urinary tract 
infections, a hallmark of this condition. Bacterial lower urinary tract localizations 
are a prerequisite for antimicrobial therapy. 


Etiology and Pathogenesis 


Bacteria causing both acute and CBP are identical in species, serotype and 
incidence to those causing common urinary tract infections, with Escherichia coli 
predominating. Data from three recent studies underline that prostatitis is a clini- 
cally important, but uncommon, bacterial infectious disease [1-4]. In these care- 
fully performed examinations of patients with a history of chronic prostatitis, 
5-7% [2-4] and 9% [1] met the criteria of CBP, the prostatitis histogram of the 
four-specimen test being used as the determining factor. 


Gram-positive organisms, such as Enterococcus faecalis and Staphylococcus 
epidermidis, are uncommon causes of bacterial prostatitis. Pseudomonas and oth- 
er nosocomial strains should be suspected if the patient has recently had instru- 
mentation, particularly in a hospital setting. 

The pathogenesis of bacterial prostatitis is unknown. Presumably, ascending 
urethral infection, after vaginal or rectal inoculation ofthe urinary meatus during 
sexual intercourse, plays an important role. Direct extension or lymphatic spread 
of fecal microorganisms, as well as hematogenous spread, are also possible, but 
minor routes of infection. Some investigators have postulated that reflux of bacte- 
ria inside the prostatic ducts is essential for pathogenesis [5]. 

The typical symptom of CBP is relapsing bacteriuria, in which the same 
pathogen is repeatedly detected. In a prospective study, the authors compared the 
results of the four-specimen technique in a group of 597 patients with symptoms 
of chronic prostatitis with the findings of 48 men without symptoms. Before 
examination, urinary tract infection, urethritis, and acute bacterial prostatitishad 
been excluded in all men. Whereas significant bacteriuria could not be found in 
any case in the control group, it was verified in 26 (4.4%) patients of the symp- 
tomatic group, in spite of normal leukocyte and bacteria counts before examina- 
tion. With regard to all patients with CBP, 25% reveal periods of significant bac- 
teriuria [5]. 


Classification and Bacteriological Diagnosis 


In order to properly identify the site of inflammation correctly, the clinician 
has to analyze one drop of EPS for increased numbers of white blood cells and 
lipid-laden macrophages. Provided the urethral and midstream urine samples 
show low numbers of PML, over 10 PML/hpf in EPS is considered diagnostic of 
prostatic inflammation [6]. 

The causes of elevated white blood cell count may be transient or permanent. 
Transient causes include premature ejaculation, urethritis, acute cystitis, or pros- 
tatitis. Chronic or long-standing inflammation is due to chronic bacterial prostati- 
tis or to ‘nonbacterial’ prostatitis, which may be due to as yet unrecognized 
microorganisms. Krieger and McGonagle [1] analyzed the prostatic inflammatory 
response with respect to infections by Gram-positive or Gram-negative bacteria: 
cases with proven enterobacterial infection revealed a mean of 44 PML/hpf, while 
patients in whom only Gram-positive bacteria were found, had normal leukocyte 
counts in EPS. Recently, Wright et al. [7] confirmed the association between 
increased numbers of white blood cells and clinical symptomatic episodes with 
urinary tract infection. 
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Table 1. Symptoms in patients with the prostatitis syndrome [from 11] 


Leading symptoms Clinical features 


Typical signs of inflammation Burning urethral sensations when voiding; discharge; 
prostatorrhea; pyospermia 


Diffuse anogenital symptoms Pressure behind pubic bone; perineal pressure; 
tension in testes and epididymides; penile pain; 
inguinal pain; anorectal dysesthesia; 
lower abdominal discomfort 


Voiding disturbances Difficult urination; stranguria; frequency; nocturia 


Sexual dysfunction Loss of libido; erectile dysfunction; 
ejaculatory dysfunction (pain during or after orgasm) 


Other symptoms Myalgia 


Diagnosis of CBP must be confirmed by quantitative bacteriologic localiza- 
tion studies. The diagnostic method of choice is the ‘four-specimen test’, in which 
approximately equal urine samples are quantitatively compared before and after 
prostate massage, also including a drop of EPS. A ‘prostatitis histogram’ of quan- 
tifiable pathogens is pathognomonic, i.e. a tenfold higher number of bacteria in 
VB;, as compared to the first voided urine (VB,). With this technique, CBP can be 
clearly diagnosed. 

The question is whether this technique really provides useful information for 
every patient suspected of having chronic prostatitis. Considering that between 
50% [3] and 80% [1] of patients with symptoms of prostatitis attending a special 
outpatient clinic suffer from prostatodynia, we now limit this examination to 
those men in whom repeated evidence of increased leukocyte numbers in EPS has 
been established [8]. 

Ejaculate analysis is also done in these men to get further information about 
whether the inflamed prostate is part of a generalized infection of the male acces- 
sory glands. It should be kept in mind that for correct bacteriologic evaluation of 
ejaculate specimens, urethral inflammation or upper urinary tract infection must 
have been ruled out; only then does the bacteriologic study of semen specimens 
give significant results, that is to say, evidence of bacteriospermia (> 10? cfu/ml) in 
half of the patients with CPB in contrast to 6.8% with NBP; with only one excep- 
tion, bacterial species isolated from the ejaculate were identical to those from EPS 
[2]. These results underline the biological significance of bacteriospermia in men 
with CBP. 
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Fig. 1. Alterations in composition of prostatic secretions 
found in CBP patients. 


Clinical Features 


Unlike acute bacterial prostatitis, which is easily diagnosed by acute symp- 
toms and clinical findings, the history and physical examination of patients may 
suggest the diagnosis, but most signs and symptoms of CBP and nonbacterial 
prostatitis are identical. 

The clinical features of CBP are highly variable (table 1). Although so many 
develop chronic prostatitis following an initial bout of acute bacterial prostatitis, 
many have no history of acute prostatitis. Especially in men over the age of 40, 
recurrent epididiymitis is often noted. Although a tender, spongy prostate is often 
found, these findings are not specifically diagnostic of CBP [5]. 

Furthermore, alterations in the composition of prostatic secretions have been 
assumed to be diagnostic in patients with prostatitis [9]. In CBP, these alterations 
are sufficiently distinct to suggest an accompanying generalized secretory dys- 
function of the gland (fig. 1). The prostate gland is also known to be capable of a 
systemic and local immune response to invading microorganisms. In CBP that 
has been cured by antiobiotic therapy, antigen-specific IgA in prostatic secretions 
— particularly secretory IgA - is elevated for almost 2 years, and antigen-specific 
IgG for 6 months, before both immunoglobulins slowly decrease to the previous 
values [10]. 
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Symptoms 


Symptoms include typical inflammatory signs, but also voiding disturbances 
and signs of sexual dysfunction [11]. Symptoms and complaint complexes have 
been evaluated by Brähler [12] in a highly sophisticated way, thus providing the 
possibility in the future to ask for ‘true’ prostatitis symptoms, using a special ques- 
tionnaire. 

Urodynamically effective changes are found in approximately 33-43% of 
patients with prostatitis-like symptoms. Changes in the areas of the bladder neck, 
resulting from congenital or acquired pathological changes in the urethra with 
disturbances of the laminar urinary flow may cause prostatitis-like symptoms 
such as alguria and difficult micturition [5, 13]. 


Prostatic Calculi 

Prostatic calculi are known to increase with growing age and occur indepen- 
dently of the kind of prostatic disease. They are estimated to originate from thick- 
ened prostatic secretions and reflux of urine. The detection of prostatic calculi in 
chronic prostatitis is of clinical importance, because they are considered as being 
one of the main causes of therapeutic failure. They hinder the diffusion of antibi- 
otics through the prostate gland tissue and, therefore, by serving as a nidus for 
pathogens, lead to recurrent prostatic infections. In a prospective study, we com- 
pared the sonographic findings in 88 patients with CBP and NBP with the results 
of 53 men suffering from prostatodynia. The frequency of solitary calculi was 
identical in both groups, whereas a significantly increased number of calculi and 
diffuse type calcifications were demonstrated [14]. 


Prostatovesiculitis 

The seminal vesicles can be figured near the upper prostatic pole and often 
stretch out as far as the lateral bladder regions. By transrectal prostatic sonogra- 
phy, a wide variety of size and shape can be seen. Asymmetry in the case of 
inflammation is considered either a consequence of enlargement due to ductal 
obstruction of the infected gland, or a result of seminal vesicle shrinking by obli- 
teration. It indicates participation of the lower urogenital tract in the inflammato- 
ry process, particularly in prostatitis [14]. 


Prostatitis and Benign Prostatic Hyperplasia (BPH) 

Some attempts have also been made to clarify the diagnosis by perineal biop- 
sy of ‘typical’ prostatitis areas under ultrasonographic guidance order to get a 
specific histology and to evaluate particular microorganisms for adequate classifi- 
cation [3, 15]. The question is whether there are ‘typical inflammatory findings’ 
under transrectal ultrasonography [16]. At present, we disbelieve in such findings. 
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Following the experience of Helpap [17], the ‘chronic prostatitis’ associated with 
paraurethral nodular prostatic hyperplasia has no significance ‘as an independent 
disease, with the possible exception of acute exacerbation’. In patients without 
BPH, periglandular prostatitis may occur in a moderate form in up to 24% of 
patients and in a severe form in up to 13.5%, data which are not very different 
from those suffering from BPH. 


Conclusion 


Prostatitis is a widespread inflammatory disease in urologic practice. Inflam- 
mation of the prostate gland may be due to bacterial or ‘nonbacterial’ causes. 
Healthy men show only minimal signs of inflammation in prostatic secretions. 
Evaluation of a patient with prostatitis requires determination of white blood cell 
counts in the prostatic fluid, so that patients with elevated leukocyte numbers, 
1.e., suffering from true prostatitis, can be separated from those without prostati- 
tis. Then, the search for etiologically involved bacteria is indicated using the crite- 
ria pointed out above. 
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Relevance of NCCLS Breakpoints for 
Susceptibility as Applied to Urinary Tract 
Infections 


Ronald N. Jones 


Medical Microbiology Division, Department of Pathology, University of Iowa 
College of Medicine, Iowa City, Iowa, USA 


The National Committee for Clinical Laboratory Standards (NCCLS) has 
published antimicrobial susceptibility testing standardized methods and associat- 
ed interpretive criteria for susceptibility since the 1970s. These documents are the 
most widely used methodology guidelines in the United States and the world. 
Specific methods are suggested that have high accuracy, reproducibility, and pre- 
dictive value of clinical responses when performing disk diffusion, agar or broth 
dilution, and anaerobic procedures [1-3]. Additional NCCLS guidelines, M23-A 
[4], have been drafted outlining the laboratory and clinical data necessary for the 
NCCLS Expert Subcommittee to determine interpretive criteria and quality con- 
trol limits. The manufacturers of the antimicrobial agents use M23-A to present a 
comprehensive information base for the NCCLS decision-making process. 


NCCLS Document Tables 


The Table 1 of each NCCLS antimicrobial susceptibility testing method doc- 
ument [1, 2] lists those agents that have acceptable, predictive tests. Furthermore, 
these drugs are categorized into reporting groups (A, B, C, D), indicating whether 
a laboratory should test as a routine and report results (group A) or test and/or 
selectively report results (groups B and C). The group D antimicrobials are those 
drugs specifically used only for urinary tract infections (UTI) indexed by a given 
genus group (examples: oral carbenicillin, trimethoprim, sulfonamides, some 
fluoroquinolones, and some oral cephems). Although these groups are listed in 


Table 1. Clinical efficacy of 100 mg nitrofurantoin qid 
in the treatment of UTI (665 patients; 38 medical centers). 


Year Location Patients Bacteriological 
studied cure rate, % 


1987 USA 153 89 
1983 Mexico 20 90 
1983 USA 256 94 
1982 USA 108 95 
1982 USA 26 92 
1981 USA 46 91 
1980 Mexico 17 88 
1979 UK 23 100 
1977 India 16 100 


NCCLS documents, the batteries are only suggestions and the ultimate choice of 
tested and reported antimicrobials is a local laboratory and medical care setting 
issue. 

The NCCLS Table 1 (multiple types) contains interpretive criteria (mg/l 
MICs; zones in mm) that indicate susceptible, intermediate, and resistant catego- 
ries. These criteria were selected by a combination of databases that include: 
serum/‘tissue’ kinetics and concentrations, antimicrobial spectrum, drug-organ- 
ism MIC and zone diameter population distributions, toxicity information (if 
appropriate), and the bacterial eradication/clinical cure and improvement rates 
correlated to the results of the standardized (NCCLS) tests. For the infrequently 
analyzed UTI-specific compounds other breakpoint selection parameters ‘have 
been’ applied including a MIC that is approximately 10-fold below the mean uri- 
nary tract level and/or a MIC that would predict a clinical efficacy of =85%. 

Breakpoints for a large number of drugs (29 since 1975) have been consid- 
ered for systemic and UTI indications, but only three drugs (nitrofurantoin, nor- 
floxacin, fosfomycin) have had more limited UTI claims. The nitrofurantoin 
breakpoints (< 32 mg/l = susceptible and 64 mg/l = intermediate) were validated 
by comprehensive analysis including a literature clinical review (table 1) and also 
correlations of nitrofurantoin in vitro test results to clinical success. 

Similarly, the norfloxacin breakpoints were re-addressed in the light of the 
package insert recommendation for susceptibility (<16 mg/l) that was signifi- 
cantly greater than that found in the NCCLS Tables (table 2) [3, 4]. Examination 
of the initial, reported norfloxacin regression experiments [5] in 1983, indicated a 
discord in the correlate MIC that would equal the recommended susceptible 
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Table 2. Example of clinical response criteria applied 
to an early fluoroquinolone (norfloxacin) having a UTI-spe- 
cific indication? 


MIC or disk Number Bacterial 
test results tested eradication, % 
Disk 

>2lmm 860 97 

17-20 mm 102 855 
13-16 mm 52 TT 

<12 mm 10 80 

MIC 

<1 mg/l 225 92 

2 mg/l 12 756 

4 mg/l 13 54 

=8 mg/l 3 67 


aNCCLS Agenda Book, January 1988. NDA, post-NDA 
and open-label clinical trial for uncomplicated and compli- 
cated UTI through 1987. 

b NCCLS breakpoints for UTI organisms, see text. 


breakpoint zone of = 17 mm (e.g. <4 vs. <16 mg/l). UTI trial results for norflox- 
acin confirmed that a =21-mm zone diameter predicted a high probability of 
therapeutic success (97%; table 1), but organisms with MICs for norfloxacin of 
>2 mg/l were more refractory (54-75% success) to therapy. A consensus opinion 
by the NCCLS Subcommittee leads to the current norfloxacin interpretive break- 
points of >17 mm that predicts =85% clinical success, with a MIC correlate of 
<4meg/I by regression analyses [5, 6]. This decision was strengthened by later 
norfloxacin open-label UTI trial success rates of 97% for patient pathogens hav- 
ing zone diameters of = 17 mm (1,665 cases). The MIC database was too limited 
to direct the breakpoint ‘titration’ process (only 16 cases with MICs of = 4 mg/l), 
consequently the <4 mg/l that correlated to the = 17-mm breakpoint for suscepti- 
bility seemed valid. 

More recently, preliminary clinical and microbiology data were presented 
to the NCCLS for fosfomycin UTI trials in the United States that utilized, for 
the first time, a single-dose regimen (3 g). Clinical success was demonstrated 
in =86% (644 cases) of patients with pathogens having fosfomycin MICs of 
<4 mg/l (table 3). However, lower, unacceptable rates of pathogen eradication 
(58-78%) were observed for isolates having fosfomycin MICs up to the break- 
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Table 3. Example of clinical response criteria applied 
to fosfomycin trial results (3 g single dose)? 


Fosfomycin Patients Response % 
MIC, mg/l ied failed success 
<2 540 463 77 86 
4b 20 18 2 90 
8 22 16 6 73 
16 19 11 8 58 
32 18 14 4 78 
64 14 10 4 71 
> 128 11 7 4 64 


a From NCCLS Agenda Book, June 1995. 
bBreakpoint MIC with acceptable clinical efficacy 
(= 85%). 


point MICs of <128 mg/l used in other nations for ‘multidose’ therapy. If a lower 
breakpoint of <4 mg/l were selected as representing susceptibility, the proposed 
disk diffusion test method for this drug would not be usable because of unaccept- 
able high error rates [7]. The selection of the appropriate breakpoint awaits fur- 
ther information from the manufacturer and continued discussion by the NCCLS 
Subcommittee and the US FDA. 


UTI Breakpoints Using NCCLS Systemic Criteria 


The fluoroquinolone compounds represent an excellent group of therapeutic 
agents for UTIs and are good examples of the ongoing NCCLS process of applying 
the same breakpoint to multiple clincal indications. Table 4 lists the pharmacoki- 
netic features of four widely used quinolones at commonly prescribed dosing 
schedules. Pharmacodynamic considerations suggested by Forrest et al. [8] indi- 
cate that highest clinical success with fluoroquinolones (intravenous regimen, sys- 
temic disease) can be expected when the area under the curve (AUC) divided by 
the infecting pathogens MIC was = 125 mg-h/l. Other authors have determined 
similar values in animal models (> 100 mg-h/l) with static or minimal effect at 
approximately 30-35 mg-h/l. This latter statistic should be sufficient for therapy 
of UTIs where the drug concentrations are markedly elevated (table 4), e.g. an 
elevated urine AUC. 
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Table 4. Fluoroquinolone pharmacokinetic parameters 


Drug (usual dose) Tiz, h Cma, mg/l AUC Urine conc. %in 
mg-h/l mg/l urine 
Norfloxacin (400 mg x 2) 3-4 1.5 5-7 80-250 30 
Ciprofloxacin (500 mg x 2) 4 2.0-2.9 7-10 400-500 30 
Ofloxacin (400 mg x 2) 6 5.2-11.0 29-35 300-700 90 
Lomefloxacin (400 mg x 1) 8 3.0-5.2 26-37 >300 90 


Table 5. Success rates of lomefloxacin therapy of UTI 
caused by S. saprophyticus and all pathogens indexed by 
organism MIC? 


MIC, mg/l Strains, n Bacteriologic eradication 


S. saprophyticus all species 


=0.5 402 (0)? - 96 
1 13 (1) 100 92 
2 32 (6) 100 81 
4 10 (2) 100 90 
28 6 (0) - 67 


aNCCLS Agenda Book, January 1991. 
b S. saprophyticus strains in parentheses. 


When this ‘30-35 mg-h/l rule’ was used for the currently available fluoro- 
quinolones, the results dictated the following breakpoint MICs (rounded to near- 
est log, dilution): norfloxacin at <0.25 mg/l; ciprofloxacin at <0.5 mg/l; ofloxa- 
cin at <2 mg/l, and lomefloxacin at <1 mg/l. Other parameters were then uti- 
lized by the NCCLS Subcommittee to adjust these calculated breakpoints such as 
UTI response rates (norfloxacin, lomefloxacin), systemic infection response rates 
(ciprofloxacin), and organism MIC population analyses (all fluoroquinolones). An 
example of the latter is shown in table 5 showing that the Staphylococcus sapro- 
phyticus strains have a lomefloxacin MIC mode at 2 mg/l (range 1-4 mg/l). All S. 
saprophyticus strains were eradicated by single-dose (400 mg) lomefloxacin thera- 
py, but the <1 mg/l breakpoint for susceptibility assigned by pharmacodynamic 
criteria alone would have predicted some clinical failures. The elevation of the 
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lomefloxacin breakpoint MIC to <2 mg/l minimized the error for this species and 
similar problems that occurred with Pseudomonas aeruginosa strains (data on 
file, NCCLS Agenda Book, 1991). The clinical success rate of lomefloxacin was 
very acceptable for all organisms having MICs of <4 mg/l (table 5). 


Conclusions 


The NCCLS tables separate drugs according to clinical indications, so antimi- 
crobial agents with UTI-only claims are found in a Section D. When breakpoints 
are assigned, pharmacokinetic and pharmacodynamic considerations and other 
microbiologic features will lead to the most accurate selection. Clinical results and 
urine pharmacokinetic characteristics are principally used for drugs having 
unique UTI application, whereas the systemic qualities of the drug will dictate the 
breakpoints for antimicrobials with multiple clinical indications. 

UTI-specific breakpoints appear to be problematic. Lumpkin [9] stated in 
1994 that rational dosing schedules with decreased frequency and amount are 
becoming more important to the pharmaceutical industry. Therefore, registry 
agencies such as the US FDA ‘have been interested in exploring some dose-rang- 
ing trial designs and in working with manufacturers to answer some of these basic 
questions’ [9]. By such investigations, a common breakpoint could be assigned for 
both systemic and UTI indications, but, where possible, the appropriate dose for 
the treatment of UTI could be significantly reduced (in length of therapy and/or 
volume of dosing) without compromising efficacy. 

The flaws of the current systems of breakpoint selection is the ‘self-fulfilling 
prophecy’ concept. Preliminary, usually conservative breakpoints are selected for 
clinical trials, leading to only rare treated patients having pathogens with elevated 
MICs or corresponding small-zone diameters. This limits the data necessary to 
accurately ‘titrate’ the in vivo response with the in vitro test results. Early phase I 
and II, controlled application of pharmacodynamic and dose-ranging investiga- 
tions [9] may lead to more accurate finalized breakpoints predicting susceptibility 
and acceptable clinical responses (= 85%). The other factors that should be con- 
sidered in this process include the unique qualities of the urine as a body fluid site 
of infection: pH, inoculum, divalent cation concentrations, host factors, and 
organism mechanisms of infecting adhesion. 

To date, breakpoints used by the NCCLS have generally predicted a high 
level of potential clinical success because the breakpoints are lower (directed by 
systemic infection claims) than might be appropriate for a UTI. It is hoped that 
future selections of breakpoints for susceptibility can be more standardized via 
international consensus [1-4], common criteria, and more rational use of early 
dose-ranging investigations [9]. 
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in Urine: An Overview of Applied Methods 
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The activity of antibacterial agents is usually measured under standardized 
conditions in nutrient broth or on agar enriched with a defined concentration of 
nutritive substances. Various methods can be applied, e.g. the determination of 
the minimal inhibitory (MIC) or bactericidal (MBC) concentrations of an anti- 
bacterial agent, the rapidity or degree of bacterial killing and the time period 
without regrowth, etc. The advantage of using artificial, but well-defined media is 
obvious: under the same methodological conditions, results become reproducible 
and, thus, readily comparable from one laboratory to the other. 

Since, however, the antibacterial activity of an antibacterial agent depends 
on the strain to be tested and its metabolic state within a specific environment on 
the one hand, and on the actual antibacterial concentration reaching the pathogen 
including possible interaction with other substances present on the other hand, 
the results obtained in artificial media cannot be transferred to clinical situation 
without cation. Infections occur in parts of the body with very different environ- 
mental conditions and with varying accessibility for antibacterial agents. Thus, 
recommendations concerning therapeutic indications and dosage regimens de- 
rived from in vitro results and pharmacokinetic studies in usually healthy volun- 
teers alone are not sufficient. They have, finally to be evaluated in clinical, prefer- 
ably comparative studies. 

Clinical studies, however, if performed according to valid protocols with 
enough patients to produce statistically assessable results, consume much time 
and manpower and, therefore, become rather expensive. If, in addition, the final 
results do not meet expectations compared with standard treatment, the whole 
concept of the clinical study might subsequently be doubted as far as economic or 
ethical aspects are concerned. The most economic and promising approach would 


probably be to supply additional preclinical information on the possible efficacy 
of the antibacterial agent concerned for a given infection. Since, obviously, the 
antibacterial activity of antibacterial agents in urine is of great importance to the 
outcome of treatment of urinary tract infections (UTIs), several methods have 
been developed to determine the antibacterial activity of antibacterials in urine. 
The following intends to give an overview of various methods available and their 
possible relevance. 


Category of Methods 


The various methods can be classified as follows: (1) In vitro tests using 
urine, usually pooled urine, as medium (broth or agar) to determine which MIC or 
MBC are, respectively, able to inhibit or to kill bacteria during incubation for 
18-24 h. (2) In vitro pharmacokinetic studies, mostly used as a ‘bladder’ model, 
measuring the bacterial elimination from a system containing urine, artificial 
urine, or broth with varying antibacterial concentrations imitating the pharmaco- 
kinetics of urinary concentrations after drug administration, and the different 
status of urodynamics with rhythmic bladder emptying and various amounts of 
residual urine. (3) Ex vivo/in vitro studies, i.e. urine from treated volunteers or 
patients is obtained in time intervals and for this urine the bactericidal or bacte- 
riostatic titers, i.e. the highest dilution factor which is able to inhibit growth or to 
kill bacteria during incubation for 18-24 h, or the kinetics of bacterial elimination 
after inoculation with various uropathogens can be determined. (4) In vivo stud- 
ies: the kinetics of pathogen elimination from the urine of patients with UTIs are 
studied after administration of an antibacterial agent. 

The results obtained by such preclinical trials can support the choice of the 
right dosage regimen when setting up a protocol for a clinical study. This 
approach is important because dose-finding studies are usually performed with a 
number of patients which is usually too small to allow statistical tests of equiva- 
lence. Pilot studies in principle inherently entail the problem of possibly using ei- 
ther too low a dose or of achieiving an unacceptably high rate of adverse events in 
at least some of the patient groups (i.e. dose sizes). 


Minimal Inhibitory and Bactericidal Concentrations in Urine 


The MICs in urine expressed as ratios of the MICs in broth of B-lactams, 
aminoglycosides, cotrimoxazole and nitrofurantoin for Escherichia coli, Klebsiel- 
la spp., Proteus mirabilis and Pseudomonas aeruginosa have been published by 
Helm [1, 2]. Table 1 shows that MICs of B-lactams, like ampicillin and cefazolin, 
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Table 1. Relative activity! of antibacterial agents in urine against uropa- 
thogens [2] 


E. coli Klebsiella spp. P. mirabilis 
Ampicillin 1-1-1 - <1/64 
Cefazolin 1-2-2 1/4-1/4-1/2 <1/512 
Gentamicin 1/128-1/64-1/16 1/64—1/32-1/8 1/16-1/16-1/4 
Cotrimoxazole 1/16-1/8-1/8 1/16-1/8-1/4 <1/64 
Nitrofurantoin 1-2-2 1-2-2 2 


P. aeruginosa 


Carbenicillin 1/2-1-2 
Azlocillin 1/32-1/2-1 
Gentamicin 1/64-1/16 
Tobramycin 1/128-1/32 


1 Activity measured as MIC in urine in relation to MIC determined accord- 
ing to standard susceptibility methods. 


or cotrimoxazole against P. mirabilis are significantly higher in urine than in stan- 
dard laboratory test media. Such circumstances may probably explain some treat- 
ment failures. The antibacterial activity of nitrofurantoin is not much influenced 
by urine as a medium. Regarding aminoglycosides, a reduced activity in urine, 
compared to nutrient broth is widely recognized and has also bein demonstrated 
by Helm [1, 2] for the four bacterial species tested. 

Goiet al. [3] compared the MICs of cefmenoxime, cefotaxime, and latamox- 
ef for 11 clinical pathogens which had caused complicated UTIs. For this pur- 
pose, the bacteria in urine with pH 5.5, 7.0, and 8.5 and inocula varying from 10? 
to 107 CFU/ml were suspended, and results compared to those of the standard 
susceptibility test method using Mueller-Hinton agar. It is notable that MICs 
determined under standard conditions corresponded to the MICs in urine only 
under certain conditions. These conditions, however, varied from strain to strain 
and from cephalosporin to cephalosporin. In certain cases, a low inoculum and in 
other cases a high inoculum gave MICs similar to that obtained by standard meth- 
ods. Neutral and alkaline urine pH corresponded better with the standard method 
than pH 5.5. In general, a higher inoculum produced higher MICs, as already 
expected. Considering inoculum and pH together, the MICs of a specific cepha- 
losporin obtained for a given bacterial strain varied from 3 dilution steps (lata- 
moxef for E. coli) up to more than 12 dilution steps, i.e. > 1,000-fold (e.g. cefotax- 
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ime and latamoxef for Enterobacter cloacae). In other words, ifthe recommended 
break points of MICs had been applied, some strains could have been rated as 
either susceptible or resistant, to cefotaxime and latamoxef, depending on the test 
conditions. This was mainly true for B-lactamase producing Staphylococcus au- 
reus, Morganella morganii, Serratia marcescens, E. cloacae, and P. aeruginosa. 

Urine inhibits the activity of aminoglycosides. The decreased activity has 
been correlated with a low pH and a high osmolarity caused by high salt and 
glucose concentrations [4-9]. This may explain occasional treatment failures. The 
presence of betaines in culture media, especially glycine betaine and proline 
betain, increases osmotolerance and induces rapid bacterial growth at high osmo- 
larities [10]. Since glycine betaine and proline betaine are found at significant 
concentrations in urine, Peddie and Chambers [11] investigated the effects of 
betaines and urine on the antibacterial activity of of gentamicin on E. coli. 

Concentrated urine and low pH rendered high MICs which were further 
increased by glycine betaine, which had a more marked impact than sodium chlo- 
ride or glucose. These results suggest a synergism by the osmoprotective effects of 
glycine betaine and the inhibitory effect of sodium chloride or glucose against 
aminoglycosides. 

Many studies on quinolones show that MICs are higher in urine than stan- 
dard test media. Leigh et al. [12] investigated the MICs and MBCs of lomefloxa- 
cin, ofloxacin, norfloxacin, pefloxacin, and ciprofloxacin in Mueller-Hinton broth 
and in urines at pH 5 and 7 against two strains of P. aeruginosa and E. coli. Urine 
increased the MICs and MBCs by several dilution steps, particularly at pH 5. A 
high MgSO, concentration also attributes to high MICs, whereas other urine com- 
ponents caused only little additional MIC increases [13, 14]. Besides the MIC, the 
postantibiotic effect is also influenced by human urine, and in particular its pH 
[15]. 

Since the effect of urine might be different for the various quinolones, it 
should be mandatory to determine the MICs of a new quinolone, not only by 
standard methods but also in urine and at different pHs against selected uro- 
pathogens, as has been done by several authors [16-19]. 


In vitro Pharmacodynamic Studies (Bladder Model) 


In vitro models of the bladder [20] have been used to study interactions 
between urine flow, bladder washout, residual urine, bacterial growth, and antibi- 
otic inhibition under varying urinary antibiotic concentrations according to simu- 
lation of human pharmacokinetics. A number of workers have described devices 
with varying degrees of sophistication [21-26]. 
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The bladder model of Greenwood and O’Grady [24] at 37°C uses a dense 
bacterial culture which is diluted at a rate which simulates the flow of ureteric 
urine accompanied by intermittent ‘micturition’ episodes, which removes liquid 
culture aliquots. The inflow can be altered to simulate normal, reduced or 
increased ureteric flow rates; the frequency of ‘micturition’ can be readily varied. 
Bacteria are exposed to changing concentrations of antibacterial agents to simu- 
late the consequences of renal excretion. The bacterial growth and the response of 
the culture to a drug are continuously monitored by photometric turbidity mea- 
surements. The authors prefer broth to urine since it is more convenient to work 
with and also provides more reproducible growth conditions. 

This bladder model was used for example to help to elucidate (a) optimal 
dosage of B-lactam antibiotics, (b) the clinical relevance of synergy between tri- 
methoprim and sulfamethoxazole and between penicillins and clavulanic acid, 
and (c) the factors influencing the emergence of resistance to quinolones [27]. 

Anderson et al. [25] subsequently developed a similar model which differed in 
two respects: (1) the bacterial population was determined at intervals by viable 
counts, which is a more reliable approach, especially for dense suspensions of organ- 
isms, and (2) urine was chosen as medium instead of laboratory media because (1) 
many organisms grow more slowly in urine than in broth and (b) the activity of 
various antibiotics is altered by urine compared to traditional laboratory media [25]. 

Whereas the earlier in vitro bladder models approximately imitate uncom- 
plicated cystitis, Nishimura et al. [28] developed an in vitro kidney-bladder mod- 
el imitating severely complicated UTI with foreign bodies and biofilm formation. 
These authors studied the significance of the peak antimicrobial concentration 
and time above MIC; they concluded that the two factors necessary to obtain 
proper antimicrobial effects were (a) a certain high antibiotic concentration and 
(b) maintenance of inhibitory concentrations in a certain period of time. Accord- 
ing to this model, the efficacy of clarithromycin in inhibiting biofilm formation 
was also studied [29]. Whereas ciprofloxacin was able to eradicate P. aeruginosa 
from the bladder model culture medium after 32 h, only a combination of cipro- 
floxacin and clarithromycin prevented bacterial regrowth. Alginate, a major com- 
ponent of P. aeruginosa biofilm, was increased slightly on day 3 when ciprofloxa- 
cin was given alone, but decreased, to below the detection limit, on days 5 and 7 
when ciprofloxacin was combined with clarithromycin. 


Ex vivo/in vitro Studies 
In such studies, urine is collected after administration of antibiotic agents. 


Casellas et al. [30] collected urine of children at 0, 2, 4, 8, 16, 24 and 48 h after the 
first dose of cefpodoxime proxetil (10 mg/kg b.w.). The urine was sterilized by 
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Table 2. Urinary bactericidal titer (UBT) of pefloxacin and norfloxacin in female volunteers (A, B, C) after a 
single oral dose of 800 mg: UBT was determined as the reciprocal value of the highest bactericidal dilution against the 
strains tested: urine was diluted either with antibiotic-free urine (urine) of each individual subject compared to 
Mueller-Hinton broth (MHB) [42] 


Time Volunteer A Volunteer B Volunteer C 
k pefloxacin norfloxacin pefloxacin norfloxacin pefloxacin norfloxacin 
urine MHB urine MHB urine MHB urine MHB urine MHB urine MHB 
E. coli 0-6 32 512 256 21,024 256 21,024 512 21,024 512 >1,024 =1,024 >1,024 
ATCC 25922 6-12 64 =1,024 64 21,024 256 21,024 256 21,024 21,024 21,024 512 256 
Nal-S 12-24 128 21,024 16 256 128 21,024 64 512 512 512 64 64 
24-48 16 512 4 64 64 >1,024 8 64 256 256 32 32 
E. coli 0-6 4 64 16 21,024 32 256 32 512 32 128 64 128 
Nal-R 6-12 4 128 4 128 64 21,024 32 256 64 128 32 32 
12-24 0 256 0 64 32 256 0 64 32 64 8 8 
24-48 0 64 0 0 8 128 0 0 32 64 4 4 
K. pneumoniae 0-6 4 64 32 512 32 256 64 512 64 64 128 64 
Nal-R 6-12 8 64 8 128 64 >1,024 32 256 64 64 64 32 
12-24 8 28 2 32 32 256 4 64 128 64 8 8 
24-48 2 32 0 0 16 128 0 0 32 32 4 2 
S. saprophyticus 0-6 8 >1,024 8 16 16 64 32 128 4 32 4 16 
6-12 8 128 2 8 32 128 8 128 2 64 2 16 
12-24 8 128 4 4 16 128 2 16 2 32 1 4 
24-48 4 32 0 1 8 32 0 0 2 16 0 0 
E. faecalis 0-6 1 16 4 128 16 >1,024 2 128 8 32 8 32 
6-12 4 16 2 16 16 21,024 16 64 8 32 2 8 
12-24 2 32 0 4 16 256 0 16 8 32 1 2 
24-48 1 8 0 0 2 32 0 0 2 16 0 0 


filtration and time-killing curves of E. coli were studied. At 8 and 24h, all the 
urines showed a 3 to 5 logio reduction of the initial inoculum, this occurred with 
all strains including a TEM-1 hyperproducer strain. 

Dubini and Riviera [31] studied the elimination of E. coli, P. mirabilis and K. 
pneumoniae using actual urine and an in vitro bladder model [24]. Whereas fosfo- 
mycin, norfloxacin and pipemidic acid eliminated the bacteria within 2-4h, 
cotrimoxazole only reduced the bacterial load. Interestingly, the bacteria still 
present in the urine containing cotrimoxazole remained susceptible to this anti- 
bacterial agent. 

The highest possible dilutions exhibiting inhibitory or bactericidal activity 
after incubation for 18h provide valuable additional quantitative information 
and can be considered analogues to the method estimating the bactericidal activi- 
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ty of serum when tested against the patients’ own infecting organisms, as first 
described by Schlichter et al. [32, 33]. 

No standard medium has been used to dilute the urine. For example, Klas- 
tersky et al. [34] used saline, Guibert et al. [35-37] phosphate buffer, Cruziani et 
al. [38] a 1:1 mixture of saline and broth, Soussy et al. [39] and Bergan [40] 
nutrient broth, whereas Wiedemann et al. [41] used broth with an addition of 
10 mg/l glucose-6-phosphate. Since the diluent medium may influence bacterial 
growth and antibacterial activity, our group [42, 43] has studied urinary bacteri- 
cidal titers of norfloxacin, pefloxacin and fleroxacin in volunteer urine diluted 
with antibiotic-free urine of each individual. It could be demonstrated that two to 
three dilution steps more are found for Mueller-Hinton broth than urine as 
diluent (table 2), although the clinical relevance of these findings remains to be 
established. 


In vivo Studies 


To assess the effectiveness of an antibacterial agent directly, the kinetics of 
pathogen elimination from the urine of patients with a current UTI can be studied 
by sampling urine at various time intervals after drug administration. Acar [44] 
quantitated bacteriuria in 156 therapeutic courses and concluded that counts 
reduced within 24 h to below 100/ml reflect susceptibility. The ‘intermediate’ iso- 
lates, with higher MICs, are eliminated more slowly. Treatment failures occurred 
when the infecting organism was replaced by a resistant species or selection of a 
resistant variant of the original strain. 

Helm et al. [45] used a membrane filtration technique, and demonstrated in 
patients with uncomplicated UTIs that B-lactam antibiotics (bacampicillin and 
amoxycillin) decreased the colony count faster than cotrimoxazole within the first 
4h. After 24h, far more samples of patients treated with the former two were 
sterile than when treated with cotrimoxazole. 

During the first 8 h, cefroxadine killed more rapidly than cephalexin [46]. In 
5 patients, fosfomycin-resistant bacteria were detected during and immediately 
after the end of therapy, without causing an infection, however [47]. 


Conclusion 


Various in vitro, ex vivo/in vitro, and in vivo methods and models determin- 
ing the activity of antibacterial agents in urine have been described. None of these 
methods is so far standardized or officially accepted for the development of new 
agents for the treatment of UTIs. All the methods should provide predictive infor- 


Naber 80 


mation faster and less expensively than animal experiments or clinical studies. 
They should also guide the potential value of new agents and should help in pre- 
dicting optimal dose regimens [48]. Inherent limitations of all these methods, 
however, should be kept in mind. 
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Response of Escherichia colito Fleroxacin in 
an in vitro Model of the Urinary Bladder 


Yukimichi Kawada, Yusuke Kanimoto 


Department of Urology, Gifu University School of Medicine, Tsukasa, Gifu, Japan 


In most in vitro tests, antibiotic concentrations remain constant, whereas in 
vivo drug concentrations rise and fall depending on the drug and mode of admin- 
istration. Conventional in vitro susceptibility tests expose the bacteria to different 
conditions than in urine during treatment of bacterial cystitis. 

In an attempt to minimize the differences between in vitro and in vivo condi- 
tions, O’Grady et al. [1, 2] have introduced an in vitro urinary bladder model in 
which the conditions of exposure of bacteria to antibacterial drugs in cystitis are 
simulated. We have modified a similar, in vitro model ofthe urinary bladder. 

In order to clarify whether once-daily treatment with fleroxacin, which has a 
long serum elimination half-life of approximately 10 h and urinary recovery rate 
of 60% within 24h [3], is effective in the treatment of urinary tract infections 
(UTIs), the response of Escherichia coli to fleroxacin and ofloxacin was studied in 
an in vitro bladder model. 


Materials and Methods 


Bacterial strain: E. coli ECSA-1, originally isolated from a urinary infection, was used. 
The MICs of fleroxacin and ofloxacin were determined by broth dilution to be 6.25 mg/l. 

Bladder model: The design and use of the bladder model have been described elsewhere 
[1, 2]. In the present study, overnight broth cultures of bacteria in 20 ml initially were 
diluted at a rate of 1 ml/min (simulating the ureteric urine flow rate), the ‘bladder’ voided at 
hourly intervals like micturition, levaing a residual ‘bladder’ volume of 20 ml. After four 
such cycles of dilution and micturition, fleroxacin or ofloxacin was introduced into the sys- 
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Fig. 1. Suppression of E. coli by fleroxacin in the bladder model. E. coli was exposed to 
fleroxacin with concentration simulated to that achieved in urine after a single oral adminis- 
tration of 100 mg (single cycle exposure). 


tem. Bacteria were exposed to each drug in one of two types of concentration profiles: either 
(1) those simulating urinary drug concentrations achieved after a single oral dose of 100 mg 
(single cycle exposure), or (2) simulating urinary drug concentrations achieved after a twice 
repeated oral administration of 50 mg every 12 h (double cycle exposure). 

Clinical study: A total of 104 patients with complicated UTIs were treated with flerox- 
acin either 100 mg b.i.d. or 200 mg once daily, for 7 days. All patients had pyuria of at least 5 
white blood cells per high-power field, bacteriuria of at least 104 CFU/ml and no indwelling 
catheter. Clinical efficacy was assessed according to the criteria proposed by the Japanese 
UTI Committee as ‘excellent’, ‘moderate’ or ‘poor’ based on a combination of changes in 
pyuria and bacteriuria [4]. 


Results 


In the in vitro bladder model study, growth of E. coli was suppressed for 32 h 
when it was exposed to fleroxacin at concentrations simulating those achieved in 
urine after a single oral administration of 100 mg (fig. 1). When E. coli was 
exposed to fleroxacin at concentrations simulating those achieved in urine after 
50 mg b.i.d. fleroxacin, growth of E. coli was suppressed for 26 h (fig. 2). The 
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Fig. 2. Suppression of E. coli by fleroxacin in the bladder model. E. coli was exposed to 
fleroxacin with concentration simulated to that achieved in urine after oral administration 
of 50 mg b.i.d. (double cycle exposure). 


latter was significantly shorter than that obtained after a single cycle exposure. 
Conversely, when E. coli was exposed to ofloxacin, which has a serum elimination 
half-life of approximately 5 h, a longer lasting duration of growth inhibition was 
observed with a double cycle exposure (table 1). 

Based on these results, clinical study on once daily treatment with fleroxacin 
was attempted, and a higher clinical efficacy was obtained with once daily treat- 
ment with fleroxacin (table 2). 


Discussion 


Fleroxacin has a long serum elimination half-life of approximately 10 h and 
urinary recovery of 60% within 24 h after a single oral dose. These pharmacoki- 
netic properties of fleroxacin prompted a clinical study on the efficacy and safety 
of fleroxacin once daily for complicated UTIs. However, because we have had no 
experiences with once daily treatment with fluoroquinolones for complicated 
UTIs, we investigated the response of E. coli to fleroxacin in an in vitro model of 
the urinary bladder before the clinical study. 
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Table 1. Suppression of growth of E. coli by fleroxacin 
and ofloxacin in the bladder model 


Drug Duration of growth inhibition, h 


single exposure double exposure 


Fleroxacin 32 26 
Ofloxacin 25 32 


Table 2. Clinical efficacy of fleroxacin for complicated UTI (7 days’ treatment) 


Dosage Patients Clinical efficacy Excellent + moderate 


excellent moderate poor n % 
100 mg x 2 36 12 11 13 23 63.9 
200 mg x 1 68 27 25 16 52 76.5 


The clinical experience showed that the results of the in vitro bladder model 
was useful in predicting the clinical efficacy of once daily treatment with fler- 
oxacin. 

In another in vitro bladder model study, we have demonstrated that the con- 
comitant presence of B-lactamase producing Staphylococcus epidermidis substan- 
tially reduced the efficacy of ampicillin against ampicillin-susceptible E. coli [5]. 
These results explained why fully susceptible bacteria which would normally be 
eradicated when present alone, frequently persist when present in mixed infec- 
tions. 

Furthermore, Nishimura et al. [6] with their kidney-bladder model have 
demonstrated that the combination of ciprofloxacin and clarithromycin was 
effective against biofilm-forming Pseudomonas aeruginosa because clarithromy- 
cin inhibited biofilm formation. They currently attempt to determine the clinical 
susceptibility break-point of MIC in UTI by the in vitro model. Consequently, an 
in vitro urinary bladder model, which simulates the dynamic conditions of bacte- 
rial exposure to antibacterial drugs during the treatment of cystitis, might render 
useful information in predicting the clinical efficacy of antibacterial drugs on 
UTIs. 
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The Role ofthe Animal Model in 
the Study of Prostatitis 


J. Curtis Nickel 


Department of Urology, Queen’s University, Kingston, Ont., Canada 


The management of the various prostatitis syndromes has become less frus- 
trating for both the clinician and patient than previously. Research over the last 
several decades has led to insights into the etiology and pathogenesis of prostatic 
inflammation, both bacterial and nonbacterial, improved diagnostic methods and 
better therapeutic strategies. These advances which are now only changing the 
clinical diagnosis and treatment of prostatitis were led by research in animal mod- 
els. Prostatitis is not alone in employing animal modelling to develop an under- 
standing of the etiology and pathogenesis of prostate diseases. In fact, many of the 
major advances in prostate research were made possible by animal modelling, i.e. 
etiology of benign prostatic hyperplasia, androgen and antiandrogens, oncogenes, 
the dihydrotestosterone and 5a-reductase story, etc. While it is always difficult to 
extrapolate from a somewhat artificial animal model system to human diseases, 
the importance of in vivo model research in prostatitis cannot be underestimated. 
Animal models have allowed us to study the pathogenesis of acute and chronic 
prostatic inflammation in a longitudinal fashion that is impossible in human dis- 
ease. Newer diagnostic systems that will eventually be the future of prostatitis 
diagnosis will owe their origins to research in animal models. Therapeutic strate- 
gies such as appropriate antimicrobial therapy were based on antibiotic pharma- 
cokinetics that were explored in animal models. This paper will examine a num- 
ber of animal models of experimental prostatic inflammation that have led to 
insights into this complex inflammatory prostatic condition. 


Etiology and Pathogenesis 


Experimental prostatic inflammation in animal models has given us insight 
into the pathogenesis of the various prostatitis syndromes. Combining the results 
of animal models, anatomical and clinical studies, we have developed insight into 
the actual etiopathogenesis of acute and chronic as well as bacterial inflammatory 
conditions of the prostate gland. It appears that prostatic inflammation results 
when two factors occur together. The first requirement is a relative high pressure 
dysfunctional voiding caused by anatomical or physiologic obstruction such as 
constriction of the bladder neck, external sphincter, urethra or urethral meatus. If 
this is combined with some form of intraprostatic ductal reflux, urine will reflux 
into the prostate gland. If the urine is sterile an immunologically mediated pros- 
tatic inflammation occurs. If pathogenic bacteria are present in the prostatic or 
bulbar urethra or even more distally, back eddies will draw these bacteria in a 
retrograde fashion, eventually into the prostate gland. If the animal (or patient) 
has not experienced a previous bacterial infection such as cystitis, urethritis or 
prostatitis, an acute bacterial prostatitis results. Recurrent episodes result in a 
much less severe and chronic bacterial inflammation. Experimental prostatitis by 
many researchers and in many animal models have allowed us to draw this 
hypothesis that can be further substantiated in clinical studies. 

Bacterial prostatitis (both acute and chronic) are caused by bacteria that are 
similar in type and incidence to those that cause simple urinary tract infection 
with aerobic Gram-negative enteric bacteria (Escherichia coli) predominating. 
The role of Gram-positive bacteria such as enterococci, coagulase-negative sta- 
phylococci and organisms such as Chlamydia trachomatis and Ureaplasma ureo- 
Iyticum remain obscure. Experimental prostatitis with E. coli is well established 
in animal systems [1-6] and such models may be employed to test the hypothesis 
that other organisms, such as C. trachomatis [7], might be implicated in chronic 
prostatic inflammation. 

The route of bacterial inoculation in acute and chronic bacterial prostatitis is 
becoming clear. While Maglione et al. [8] noted that surgically induced E. coli 
seminal vesiculitis in rats was occasionally complicated by E. coli prostatitis, evi- 
dence is accumulating that the pathophysiology of bacterial prostatitis is associat- 
ed with retrograde bacterial ascent from the urethra, likely secondary to some 
form of intraprostatic reflux. Jantos et al. [2] inoculated the bladder of male and 
female Mastomys natalensis with E. coli and produced severe prostatitis. The 
histologic and microbiologic course of the prostatic infection strongly resembled 
the human disease. Chronic bacterial and nonbacterial prostatitis developed by 
this route persisted for 6 months postinfection. Dilworth et al. [9] used a monkey 
model to study the ascending route infection in prostatitis and noted that the P 
pili were the principle mediators of adherence to urethral cells of the prostatic 
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urethra. Neal et al. [3] employed this nonhuman primate model and found that 
after urethral inoculation of a wild-type clinical isolate of E. coli, the monkeys 
developed prostatitis similar to that reported in humans and concluded that infec- 
tion in the nonhuman primate occurs by this ascending route. Again, histologic 
changes were similar to that in human disease. Goto et al. [5] induced experimen- 
tal acute bacterial prostatitis in rats by four different routes of bacterial inocula- 
tion. The most simple and reproducible method of producing bacterial prostatitis 
was to instill the bacterial suspension in the prostatic urethra after the administra- 
tion of appropriate antibiotics to prevent associated pyelonephritis. 

A reliable and consistent rat model of acute and chronic bacterial prostatitis 
has been developed by our research group [4, 6] and employed to undertake 
sophisticated microbial, histologic and immunologic studies that would not be 
possible in a clinical patient study to further elucidate the pathogenesis of this 
complicated disease. Research undertaken with this animal model has demon- 
strated that bacteria entering the ducts and ascini of the prostate gland multiply 
rapidly, inducing a host response with infiltration of acute inflammatory cells into 
the ducts. We have confirmed the observation of Dilworth et al. [9] that mannose- 
resistant (X and P) pili appear to be important in the pathogenesis of prostate 
infection and further noted that phase variation, to enhance virulence, can occur 
in the prostate (presented at Canadian Society for Microbiology Annual Meeting, 
Kingston, Canada, June 1995). In acute bacterial prostatitis the entire prostate 
gland or at least the major part of it is involved in the inflammatory process. The 
ducts become engorged with infiltrate of dead and live bacteria as well as living 
and dying acute inflammatory cells, desquamated epithelial cells and cellular 
debris. In acute bacterial prostatitis the rats become ill and approximately one 
third die of fulminating urosepsis. However, prior to the point of urosepsis it is 
relatively easy to eradicate all offending organisms with appropriate antibiotic 
therapy for complete resolution of the inflammatory process. We have demon- 
strated [10] that rats vaccinated with E. coli and then similarly inoculated did not 
go through the acute prostatitis stage. These rats developed a subacute and then 
chronic bacterial prostatitis. The rats did not become ill and it becomes much 
more difficult to eradicate the bacteria with antibiotic therapy. It appears the 
bacteria form small, sporadic bacterial microcolonies within the ductal system 
adherent to the epithelium. The bacteria produce an exopolysaccharide slime or 
‘glycocalyx’ that envelops these microcolonies. The microorganisms become very 
quiescent, undergoing a sort of ‘hibernization’ when the environment becomes 
threatening. Surrounding these focal sites of bacterial persistence are areas of lym- 
phatic invasion with variable infiltration of plasma cells and macrophages. Over 
time, fibrosis occurs with subsequent permanent scarring. 

The pathogenesis of nonbacterial prostatitis may be similar in that prostatic 
reflux of urine, urine products or even undetected organisms in prostatic ducts 
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and ascini may occur. Keetch et al. [11] developed an animal model of nonbacte- 
rial prostatitis and characterized the immune parameters of this type of inflam- 
mation. Adoptive transfer studies demonstrated the prostatic inflammation to be 
at least in part immune mediated, and these researchers concluded that nonbac- 
terial prostatitis may be an autoimmune process. This would explain the close 
association between nonspecific chronic prostatic inflammation and bacterial 
induced chronic inflammation. Even with complete resolution of the bacterial 
infection, the prostate may still demonstrate areas of chronic nonspecific prostat- 
ic inflammation. This would explain why patients with supposedly cured bacte- 
rial prostatitis continue to have low-grade symptoms. It also explains why chronic 
bacterial prostatitis recurs. Although eradication of bacteria is possible, the ana- 
tomical and voiding parameters that result in prostatitis in the first place remain 
and the process can recur. If the bacteria are not eradicated, the symptoms of 
chronic bacterial prostatitis relapse. 

Animal models have resulted in a further understanding of the pathogenic 
mechanisms involved in prostatic inflammation. Naslund et al. [12] suggested 
that genetic background, advancing age, and hormonal imbalance are important 
etiological factors for nonbacterial prostatitis in rats. Nonbacterial prostatitis is 
more common in Lewis rats than in Wistar rats and does not occur in Sprague- 
Dawley rats. The incidence of spontaneous prostatitis was significantly higher in 
older animals than in younger animals. The administration of exogenous 17ß- 
estradial increased the incidence and severity of prostatitis in old Wistar rats. 
Castration had a similar effect. Similar prostatitis could even be induced in young 
adult Wistar rats by neonatal treatment with 17ß-estradial followed 7 months 
later in adulthood by testosterone administration. These and other studies of 
experimental prostatitis [2, 4, 13] also showed that nonbacterial prostatitis result- 
ing from eradication of the bacterial agent in chronic bacterial prostatitis and 
chronic bacterial prostatitis with persistence of the bacterial agent are indistin- 
guishable. This appears also to occur in human studies. Prostatic inflammation, 
which for the most part is asymptomatic, seen in association with benign prostatic 
hyperplasia in patients who have had prostatectomy, is really indistinguishable 
from the prostatitis seen in chronic bacterial and nonbacterial prostatitis. 

The symptoms of nonbacterial prostatitis in human patients appears to 
increase in severity with exogenous stress, anxiety and various diets [14]. Gaten- 
beck et al. [15] examined rat prostate glands after a 10-day period during which 
the rats had been submitted to standardized stimuli. They demonstrated similar 
inflammatory histopathologic changes in the glands of all rats submitted to long- 
term stress stimuli that were similar to those of human males with nonbacterial 
prostatitis. Aronsson et al. [13] confirmed this finding by subjecting rats to stan- 
dardized experimental stress stimuli and again showed prostatic inflammatory 
changes compatible with nonbacterial prostatitis on histological examination. 
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Diagnosis 


Meares and Stamey [16] standardized the technique to differentiate the var- 
ious prostatitis syndromes. This technique is based on a rigid, quantitative seg- 
mented bacteriologic localization procedure that remains the gold standard for 
diagnosis today. However, numerous shortcomings with this technique have 
arisen and for the most part physicians have abandoned it in clinical practice. 
One ofthe main reasons is the perceived false-negative rate ofthis test. It has been 
demonstrated in a number of clinical studies that quantitative cultures of the 
expressed prostatic secretion or the urine after prostatic massage is sterile despite 
the bacterial presence in the prostate gland or a similar clinical response to antibi- 
otics as that obtained when the culture was positive [14, 17]. Animal models 
explain some of this difficulty. Ling et al. [18] found similar difficulties in trying 
to correlate cultures of ejaculate, urine, urethral swab specimens and biopsy cul- 
tures of the prostate from dogs with suspected prostatitis. Our research group has 
demonstrated in experimental prostatitis that bacteria persist in the prostate 
gland of rats that have been suboptimally treated with antibiotics, even when they 
cannot be demonstrated in the prostatic secretion [19; Nickel, unpubl. data]. We 
have recently confirmed this generally held assumption that our accepted clinical 
diagnostic methods are not always adequate [20]. Patients with proven chronic 
bacterial prostatitis who became clinically resistant to antibiotic therapy were dis- 
covered to still have a pure culture of the initial bacterial agent in the prostatic 
cultures even when the prostatic secretion was sterile. 

The study of the immune response in both clinical and experimental prostati- 
tis studies has led to a greater understanding of the pathogenesis of this disease 
and it appears that it may hold the key for more precise diagnosis of the etiologic 
agent. In experimental chronic bacterial prostatitis we have confirmed [4, 6] find- 
ings of increased levels of antigen-specific antibody in the prostatic secretion of 
animals with unresolved prostatitis as well as elevated serum antibody titers 
against their prostatic pathogens which return to normal with successful treat- 
ment of chronic bacterial prostatitis. Preliminary studies by Shortliffe and Weh- 
ner [21] have attempted to employ the defined immunological reaction seen in the 
prostate to identify the most common bacterial antigens; however, this work has 
never gone beyond the initial stages, primarily because it could not be validated in 
an adequate animal or clinical model. Our research group is exploiting our reli- 
able and consistent animal model to determine whether simple immunologic 
diagnostic tests can differentiate nonbacterial from bacterial prostatitis, even 
after antibiotic therapy [Nickel, unpubl. data]. The results from these early stud- 
ies have now been extrapolated to the clinical situation and a multicenter Cana- 
dian trial is now assessing the validity and reliability of using an immunologic test 
to predict the response of prostatic inflammation to antibiotic therapy. 
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Treatment 


Treatment of acute bacterial prostatitis is consistently effective as predicted 
by our anımal models [19, 22]. However, antibiotic therapy for chronic bacterial 
prostatitis remains dismal. These poor results are obtained even though the 
organisms which we occasionally culture are highly sensitive to the particular 
antimicrobial agents used and even remain so at the end of treatment [20]. Most 
human pharmacokinetic studies analyzed prostatic fluid obtained by prostatic 
massage or ejaculate for drug content following oral or parenteral administration 
of various antibiotics; however, these methods have since been disputed because 
of the contamination with seminal fluid or urine containing high concentrations 
of antibiotics. Homogenized human prostatectomy specimens have also been 
analyzed for drug content following preoperative antibiotic loading; however, it is 
apparent that this method does not measure the concentration in prostatic secre- 
tions and certainly is not an adequate measure of prostatic tissue levels in an 
inflamed prostate gland. Dog models were originally used to investigate prostatic 
secretion of various antibiotics. The vas deferens was divided and urine diverted 
by ureteral cannulation or suprapubic tube. Intravenous pilocarpine was used to 
stimulate copious secretion of pure prostatic fluid which could be collected 
uncontaminated by urine at the urethral meatus. The model allowed simulta- 
neous evaluation of plasma, urine and prostatic secretion drug levels. Researchers 
employed such an animal model to systematically investigate the diffusion of 
antibiotics from the plasma into the prostatic secretion of normal dogs [23]. These 
and later studies led to the hypothesis that the distribution of a drug in the prostat- 
ic interstitium and prostatic secretion depends on absorption, plasma protein 
binding, lipid solubility, intercompartmental pH gradients, the individual antibi- 
otic, the pKa of the antibiotic and biotransformation. Multiple modifications of 
this dog model were made by others [1] but unfortunately no real consistent meth- 
odology developed in the field. Sharer and Fair [24] have reviewed the various 
canine models used to quantitate antimicrobial drug diffusion, and from these 
particular types of studies a number of antibiotics (i.e. trimethoprim, erythromy- 
cin, quinolones) have been described as the most suitable drugs for the treatment 
of prostatitis. 

Animal models have consistently demonstrated that appropriate antibiotic 
therapy results in antibiotic concentration in the prostatic ducts which appear to 
be several times the minimal inhibitory concentration required for the eradica- 
tion of offending bacteria. Why then does antibiotic therapy not cure prostatitis 
more consistently? Evidence from clinical studies and in animal models suggest 
incomplete sterilization of prostatic fluid, probably secondary to an inadequate 
concentration of antimicrobial agents. As noted before, with complete eradication 
of the offending bacterial organisms, the anatomical and physiologic factors 
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remain that promote a recurrence of infection, perhaps with a different organism. 
It was believed [25] that the most important cause for therapeutic failure in 
chronic bacterial prostatitis was an inadequate concentration of antimicrobial 
agents. This was felt to be due to the simple fact that the prostatic intraductal 
compartment is entirely different in the inflamed human prostate compared to 
the uninfected dog. Also, prostatic inflammation may be a focal phenomenon and 
pharmacokinetics based on the entire gland may not be relevant to the sporadical- 
ly infected areas. Ducts blocked with inflammatory debris, microabscesses, calcu- 
liand focal pH changes could potentially change the pharmacokinetics in the local 
microenvironment of the focal inflammatory lesion. To attempt to answer some 
of the questions, Baumueller and Madson [1] injected E. coli into the prostatic 
arterial system 1 week prior to antibiotic treatment to create a realistic treatment 
environment with an animal model with a bacterial prostatitis. Inflammatory 
changes were however mainly in the interstitial tissue and not in the acini presum- 
ably because of the iatrogenic hematogenous route of infection. 

Our group has recently reported on pharmacokinetic studies in our animal 
model of chronic prostatitis that develops after retrograde injection of pathogens 
and more closely resembles the focal and intraductal nature of human disease 
[19]. These studies, however, show that antibiotic concentrations in the inflamed 
prostatic duct are actually higher (but not significantly higher) than those 
obtained in the noninflamed prostate gland. We and others have shown in in vitro 
[26] and animal studies [19] that bacterial aggregates or microcolonies adherent to 
the ductal epithelium and covered with glycocalyx matrix are relatively resistant 
to both host defenses and normal concentrations of antibiotics. Animal studies in 
our rat model [4, 6] and further studies in human chronic bacterial prostatitis [20] 
consistently demonstrate these glycocalyx-enclosed bacterial biofilms, that occur 
in both treated and untreated conditions. Urinary and bacterial induced calculi in 
the genitourinary tract and prostate in animal models [27] also explains chronic 
bacterial persistence in some cases. 

Animal studies are presently helping us to determine whether novel forms of 
drug dosage, dosage intervals and drug delivery will improve bacterial eradica- 
tion. We are presently treating our experimentally induced chronic prostatitis in 
the rat with high-dose pulse antibiotic therapy as well as high-pressure intravesi- 
cal instillation of antibiotics and percutaneous antibiotic administration. Extrap- 
olation of this research may guide us to improved treatment modalities for clini- 
cal prostatitis secondary to bacterial presence within the prostate gland. 
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The Importance of the Animal Model in Prostatitis 


This review should lead to a further understanding of the importance of two 
and one half decades of animal modelling research in the search for answers on 
the etiology, pathogenesis, diagnosis and treatment of prostatitis syndromes. Ani- 
mal modelling of human disease, particularly human infectious diseases, remains 
open to skepticism, criticism and even misinterpretation. However, clinical stud- 
ies have not answered important pathogenic and treatment questions despite 
decades of human research. Experimental prostatitis in appropriate animal mod- 
els is providing the key that is unlocking some of the mysteries of prostatitis. 
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Tropism in Bacterial Infections: 
Urinary Tract Infections 
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Tropism is the phenomenon by which both commensal and pathogenic bac- 
teria are restricted to certain hosts, tissues and cell types [1]. The word is derived 
from the Greek ‘trope’ meaning to lean towards sustenance or food. It has been 
used for some time in botany and would be more familiar if we thought of photo- 
tropism, which we all understand to be the phenomenon by which plants lean 
toward the light. 

Tropism helps to explain the diversity of bacteria known to cause certain 
diseases. Examples include the involvement of group A streptococci with pharyn- 
gitis and Streptococcus mutans with dental caries [2], and the fact that only certain 
organisms are associated with meningitis, and these at only certain times of life. 
Thus, while Escherichia coli has been associated with meningitis in the newborn, 
it is not doing so at later life. Experimental studies have shown that endothelial 
receptors for E. coli in the brain are only present in the newborn [3]. Other exam- 
ples of diseases of the lung, stomach, and colon also show the diversity. In the case 
of Helicobacter pylori, associated with both ulcers and perhaps gastric cancer, 
only certain cells in the stomach allow adherence of the bacteria [4]. In the case of 
urinary tract infection, it appears that the initiating event is adhesion to urothelial 
cells by means of the tip protein of P-fimbriae of E. coli (table 1). 

Bacterial adhesion is a necessary event for a bacterial infection of either the 
urinary, respiratory or gastrointestinal tract to occur, with adhesion to mucous 
membranes being the initial event in any infection, other than those associated 
with wounds, instrumentation or catheterization. 


1 Supported by USPHS grants RRO0164 and DK14681. 


Table 1. Examples of tropism 


Dental caries from S. mutans 

Skin: impetigo from group A streptococci 

Brain: meningitis from Haemophilus, Meningococcus, E. coli 
Pharynx: group A streptococci 

Lung: Pneumococcus 

Stomach: A. pylori 

Colon: Clostridium difficile 

Kidney: P-fimbriated E. coli (class II adhesin) 

Bladder: P-fimbriated E. coli (class II adhesin) 

Urethra: Neisseria gonorrhoeae 


The surface energy theory of bacterial adhesion, devised by a group of bio- 
chemists, biophysicists and biologists, attempts to explain the mechanism of bac- 
terial adhesion and the necessity of surface appendages for adhesion to occur in an 
energy-efficient manner [5] (fig. 1). The net negative surface charges of both the 
tissue cells and the bacteria, as well as diffuse ion clouds in the area, repulse adhe- 
sion. While at 15 nm there is very little repulsion, as bacteria approach 10 nm, 
maximum repulsion occurs. Since the magnitude of both attractive as well as 
repulsive forces increases with the diameter of the approaching body, bacterial 
fimbriae or polymers, being of a much smaller diameter, allow bacterial adher- 
ence that might not otherwise occur, the fimbriae reaching cell surface receptors 
for firm adherence to the cell surface. Thus, adherent, the normal flow of body 
fluids such as mucus or in the case of the urinary tract, urine, does not allow 
washing away of the bacteria. This leads to bacterial multiplication reaching a 
critical mass and leading to parenchymal invasion. 

The adhesins in urinary tract infections from E. coli include type 1 fimbriae 
which adhere to mucins containing mannose residues, P-fimbriae which adhere 
to glycolipids on cell surfaces, the afimbrial adhesins and, in the case of some 
organisms, such as Pseudomonas, polymers. 

The organisms that cause urinary tract infections can be divided into those of 
the endogenous flora, which cause infection by the hematogenous route, or by the 
ascending route, and nosocomial infections. Those causing hematogenous infec- 
tions are said to do so because of their association with renal abscesses. Staphylo- 
coccus aureus kidney infections causing abscess are associated with skin lesions 
such as furuncles and carbuncles. Streptococcus renal infections occur in associa- 
tion with subacute bacterial endocarditis. E. coli more frequently is the cause of 
renal abscesses. While it has been assumed that this is due to a hematogenous 
route of infection, ascending infections can also cause renal abscsses. Ascending 
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Fig. 1. The surface energy theory of bacterial adhesion [modified from 5]. From J Urol 
1996;156:1552-1559; with permission. 
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infection is assumed to be the means by which both the bladder and kidney are 
infected. This has been well documented in the case of E. coli wherein organisms 
normally in the gut first colonize either the perineum of females [6] or the prepuce 
of uncircumcised males [7], prior to their causing an ascending infection. Noso- 
comial infections are associated with catheterization or instrumentation and both 
Pseudomonas or Serratia are commonly found in a catheterized urinary tract. 
How then, do these facts correlate with bacterial adhesion and tropism? Fim- 
briae of Enterobacteriaceae that cause urinary tract infections include type 1 fim- 
briae, which are very common in E. coli and Klebsiella, but are more frequently 
mannose-resistant fimbriae including P-fimbriated E. coli, X-fibriated E. coli, S- 
fimbriated E. coli [8], some strains of Proteus mirabilis [9] and some strains of 
Klebsiella [10]. Note that both bacteria such as nonfimbriated Pseudomonas and 
some species with fimbriae, such as Providencia stuartii, are most commonly asso- 
ciated with complicated infections, catheterization or instrumentation [10, 11]. 
To focus on the fimbriae of E. coli, type 1 are probably unimportant in uri- 
nary tract infections except in the catheterized patient [12], but do allow vaginal 
colonization. Korhonen’s type 1C, an afimbrial adhesin, has been associated with 
pyelonephritis, although the mechanism of binding is unknown [13]. P-fimbriae 
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bind to globoside, a glycolipid of urothelial cells and are found in acute pyelone- 
phritis of the nonobstructive type [14-17]. S-fimbriae bind to urothelial cells but 
this binding appears to be inhibited by urine and thus S-fimbriated E. coli are 
more commonly associated with newborn sepsis and meningitis as at this time 
they also bind to endothelial cells in the brain [3]. Other forms of P-fimbriae, 
more commonly called X-fimbriae, include M and G which are both rare. Other 
afimbrial adhesins (such as the Dr adhesin) are known and others probably will be 
found because of the importance of bacterial adhesion in the pathogenesis of uri- 
nary tract infections. 

Several characteristics of P-fimbriae are important in understanding its role 
in bacterial adherence and the pathogenesis of urinary tract infections. This 
includes the fact that there are a multiplicity of fimbrial types and even a multi- 
plicity of P-fimbriae with different epitopes of the tip protein [18]. In addition, 
phase variation of P-fimbriae to the fimbriated state as opposed to the nonfim- 
briated state does occur under certain conditions [19]. 

In vivo studies in monkeys of bacterial adherence by P-fimbriae of E. coli 
show that pyelonephritis occurs because nonhuman primates have the same uro- 
thelial receptor for the fimbriae as man [20]. When these bacteria were incubated 
with the putative receptor Gal-Gal and the bacteria introduced into the ureter of 
the monkey, the onset of pyelonephritis delayed. In addition, monkeys immu- 
nized with P-fimbriae did not develop pyelonephritis after bacterial ureteral chal- 
lenge [21]. In the laboratories of Normark [22] the specific adhesin has been iso- 
lated by genetic studies and found to be the tip protein of P-fimbriae. In his labo- 
ratory a nephropathogenic strain with the class II tip protein was used to create a 
mutant without the tip protein. In our collaboration we have then shown that 
bacterial challenge with this mutant did not produce pyelonephritis, proving the 
importance of the class II G-tip protein in pyelonephritis [23]. There are multiple 
epitopes with different binding sites and thus association with specific infections, 
such as cystitis as opposed to pyelonephritis. In addition, while the tip protein is 
the most important adhesin of P-fimbriae for binding to the surface of cells, bind- 
ing to a secondary binding site on normally unexposed cell membranes does occur 
by means of the fibrillum PapE which adheres to fibronectin [24]. 

There are three classes of the G-tip proteins. Class I has not been associated 
with disease in man, but the class II adhesin is associated with pyelonephritis in 
both man and monkey, the class III adhesin being associated with cystitis [1]. 

The difference in these classes has been shown by hemagglutination studies 
wherein P-fimbriated E. coli with the class I receptor globotriasylceramide agglu- 
tinate rabbit cells, the class II adhesin receptor is globoside and these bacteria 
agglutinate human pig cells, bacteria with the class III G-tip protein whose recep- 
tor is the Forssman glycolipid, agglutinate goat, sheep and probably human cells 
[25]. 
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Fig. 2. The surface architecture of the class II and class III receptors for the tip protein 
of P-fimbriated E. coli. From J Urol 1996;156:1552-1559; with permission. 


Table 2. Isoreceptor glycolipids for tip protein of P-fimbriae 


Class I a Gal 1/4 B Gal 1/4 Glecer 
Class II GalNAcB 1/3 aGal 1/4 B Gal 1/4 Glccer 
Class III GalNAca 1/3 GalNAcß 1/3 a Gal 1/4 B Gal 1/4 Glecer 


All of the isoreceptors for P-fimbriae contain the disaccharide aGal 1/4 BGal 
but their position in the molecule differs (table 2). We are studying two organisms 
which contain either the class II tip protein, that being E. coli DS17, the other 
containing a class III tip protein, that being a mutant, now named DS17-1. The 
difference in adherence of the two tip proteins to different Gal-Gal disaccharide- 
containing glycolipids can be shown by looking at the surface orientation of the 
saccharides. 

Note in the graphic illustration that the class II adhesin which is associated 
with P-fimbriated E. coli causing pyelonephritis can adhere to aGal 1/4 BGal as 
its architecture places it at the surface even though its terminal sugar is GalNacß. 
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Fig. 3. Factors involved in ascending pyelonephritis from P-fimbriated E. coli. From J 
Urol 1996;156:1552-1559; with permission. 


In the case of the class III adhesin which adheres to the Forssman antigen (Gal- 
Naco-GalNacß) its surface oritentation produces steric hindrance with adher- 
ence to the aGal 1/4 BGal disaccharide (fig. 2). Thus while this glycoplipid con- 
tains the Gal-Gal disaccharide, it is not available for adhesion by the class II tip 
protein. 

The initial events in acute pyelonephritis are most often due to P-fimbriae 
E. coli. By means of the tip protein of P-fimbriae, the bacteria adhere and colonize 
the perineum or the prepuce, then ascend the urethra (fig. 3). They adhere and 
colonize the bladder and in the case of the class II tip adhesin, cystitis may occur. 
The E. coli may ascend the ureter if they contain the class II tip protein, adhere to 
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the ureteral mucosa, and cause aperistalsis. This dilates the ureter and flattens the 
renal papilla allowing pyelotubular backflow of bacteria at a low pressure, thus 
allowing adhesion of bacteria to renal tubular cells followed by invasive disease 
initiating acute pyelonephritis [26]. Tropism should be important also with other 
bacteria causing urinary tract infections. Further studies of bacteria tropism in 
infections due to other Enterobacteriaceae which less commonly cause urinary 
tract infection will help us to further understand the pathogenesis of urinary tract 
infection. 
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Recently, animal models of acute and chronic bacterial prostatitis caused by 
Echerichia coli have been developed in small laboratory animals [1]. These mod- 
els offer an opportunity to study many unresolved questions concerning the etiol- 
ogy, pathogenesis and treatment of chronic bacterial prostatitis. One most impor- 
tant question to be clarified by an animal model concerns the prerequisites for the 
progression from acute to chronic bacterial prostatitis. In our opinion, only two 
experimental designs fulfill these criteria (table 1). In about 50% of all animals, 
chronic prostatitis with histological signs of chronic inflammation, evidence of 
bacteria in the tissue and serum antibody response [2] could be achieved. Nickel 
et al. [3] observed in their model the protection of bacteria in glycocalyx-embed- 
ded microcolonies, thus giving a hint for the mechanism of bacterial persistence. 
Furthermore, this protection hampers the immune system from recognizing the 
causative bacteria. New experiments [4] suggest that mucosal immunity devel- 
oped from previous urinary tract infections or prostatitis does not confer protec- 
tion against recurrence. 

An elevated number of leukocytes in expressed prostatic secretions is the 
main criterion for diagnosis of nonbacterial prostatitis in humans [5]. However, 
this measurement is not available in laboratory animals. Experimental studies 
were intended to induce an inflammatory response, mainly characterized by an 
interstitial infiltration by lymphocytes and macrophages without evidence of 
common pathogenic bacteria [1]. Animal models in nonbacterial prostatitis refer 
to the above-mentioned bacterial infections [2, 3] after eradication of the causa- 
tive origin, spontaneous, nonacute age-dependent prostatitis, and the induction of 
nonbacterial inflammation due to an autoimmune process. There are, unfortu- 


Table 1. Animal models of chronic bacterial prostatitis 


Reference Species/micro- Route of Acute Chronic prostatitis 
organisms infection prostatitis 
Jantos et al. [2] Mastomys Bladder + Chronic prostatitis 
natalensis/ (via incision) (50%) 3-6 months 
E. coli after infection, 
antibody response 
Nickel et al. [3] Sprague-Dawley Transurethral + Chronic prostatitis 
rats/E. coli (50%) 50 days, 
antibody response, 
microcolonies 


Table 2. Nonbacterial prostatitis and autoimmunity: 
experimental studies in mice [9] 


Type of reaction 


Autoimmune damage in the prostate after immunization 
with syngenic ventral prostate lobes, Freund’s adjuvant 

Lymphocytal infiltration 

Disease transfer by lymphocytes 


nately, no convincing models available concerning prostatitis due to sexually 
transmitted microorganisms [1]. 

An interesting observation is the occurrence of spontaneous, nonacute, age- 
dependent prostatitis in different rat species [1, 6, 7]. Incidence of prostatitis 
obviously increases with age, sexual activity decreases the degree of inflamma- 
tion. An intraluminal accumulation of seminal vesicle protein was found in sex- 
ually inactive rats, thus suggesting a possible mechanical cause of prostatic 
inflammation by ductal obstruction [1]. In humans, a host response against pros- 
tatic invasion by spermatozoa has been claimed as an important stimulus for 
sterile inflammation [8]; data are in accordance with the experimental results that 
obstruction of the seminal pathways may sustain chronic inflammation of the 
prostate gland. 

Finally, recent experimental results concerning the induction of nonbacterial 
prostatitis in mice (table 2) [9] by autoimmunization with syngenic prostatic 
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material provoke comments. The pattern of inflammatory response is similar to 
that demonstrated in humans and was shown to be of immune origin by adoptive 
transfer studies. These data fit in well with our understanding of host-parasite 
interactions in prostatitis and the opinion that a disturbed nonlaminar urine flow 
in the prostatic urethra, sustaining a reflux into the prostatic ducts, may perpe- 
tuate inflammation [10]. The intraprostatic reflux of bacteria, bacterial antigens, 
urine constituents, sperms, etc., may cause a tissue lesion and possibly induce an 
autoimmune reaction inside the gland - a hypothesis which may explain some 
aspects of idiopathic, nonbacterial prostatitis. 
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Urinary tract infections (UTIs) are among the most common bacterial infec- 
tions in humans. The frequency varies with age, gender and socioeconomic back- 
ground. Bacteriuria is found at screening in about 1% of girls from birth to puber- 
ty, in 2% or more of pregnant women, and in 15-20% of women at 70 years of age. 
In addition, symptomatic infections (acute pyelonephritis, acute cystitis) occur 
frequently in children and sexually active women. The susceptibility is generally 
higher in females than males, except for young boys and elderly men in whom the 
frequency of UTI is comparable to females of the same age group. Socioeconomic 
background variables include access to medical care (surgical correction of mal- 
formations, antenatal care of expectant mothers, estrogen treatment of women 
after menopause) and sexual and contraceptive practices [1]. 

Escherichia coli is the main cause of infections in the human urinary tract. 
The infecting strains fall into two groups: those that cause symptomatic UTI (py- 
elonephritis or cystitis), and those which colonize and persist as asymptomatic 
bacteriuria (ABU). The large intestine serves as a reservoir for uropathogenic E. 
coli [1-4]. Bacteria colonize the large intestine, spread to the vaginal and periure- 
thral areas and ascend into the urinary tract. 


Bacterial Adherence 


The colonization of mucosal surfaces during the pathogenesis of UTI is 
influenced by bacterial adherence. Uropathogenic E. coli express an array of 
adhesins, including P, type 1, S, and Dr fimbriae [5]. P fimbriae have been shown 


to enhance bacterial virulence for the urinary tract [6]. Recent studies have sug- 
gested that P fimbriae are important also for the colonization of the large intes- 
tine. P-fimbriated E. coli adhere to human colonic epithelial cells in vitro and 
persisted longer in the large intestine of UTI-prone children than other E. coli 
strains [7, 8]. P-fimbriated E. coli occur more frequently in the urinary tract of 
patients with UTI than in the fecal flora of healthy individuals [6]. It is not clear if 
this accumulation of P-fimbriated E. coli in UTI is a result of increased intestinal 
persistence or if there is a difference in the ability to cause UTI between P- 
fimbriated and other E. coli in the large intestine ofthe UTI-prone patient. 

Certain individuals appear to be more susceptible to intestinal colonization 
by P-fimbriated E. coli [5, 9]. It has been shown that patients prone to UTI have 
an increased carriage of P-fimbriated E. coli in the large intestine, and of Entero- 
bacteriaceae in the vagina and periurethral area. 

P fimbriae recognize as receptors Galal-4Galß and GalNAcß1-3Galal- 
4GalB1 containing oligosaccharide sequences in the globoseries of glycolipids 
[10,11]. The fimbriae are encoded by the pap chromosomal gene cluster which 
contains 11 separate genes (papA to K) [12]. The pap gene clusters from different 
E. colistrains show extensive sequence homology except for papA, which encodes 
the antigenically variable fimbrial subunit and the sequences that specify the 
adhesin specificity (papG) [13]. 

While P fimbriae enhance the virulence of uropathogenic strains through 
specific adherence, the role of type 1 fimbriae in virulence remains undefined. 
Studies in animal models have suggested that type 1 fimbriation increases the 
survival of E. coli in the urinary tract [14-19]; however, epidemiological studies 
have failed to reveal a correlation between type 1 fimbriation and virulence [20]. 
Type 1 fimbriae are encoded by the chromosomally located fim gene cluster. The 
fimbriae consist of a major structural subunit (fimA) and several minor compo- 
nents including the adhesin (fimH). fimH recognizes terminally located D-man- 
nose moieties on cell-bound and secreted glycoproteins [21, 22]. 


Mucosal Cytokine Responses 


What are the consequences of bacterial binding to uroepithelial cells during 
UTI? Bacteria infecting the urinary tract induce fever, elevate acute phase reac- 
tants (C-reactive protein (CRP) and erythrocyte sedimentation rate), lead to a 
leukocyte influx, reduce renal tubular function and elicit IgA and cytokine 
responses. Bacterial interactions with host cell receptors via P and type 1 fimbriae 
can result in the activation of the respiratory burst in granulocytes, degranulation 
of mast cells and cytokine release from epithelial cells in vitro [23-26]. These 
cytokines have a local and/or systemic effect. Two examples of cytokines released 
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Fig. 1. Urine cytokine responses from a patient deliberately colonized with an asymp- 
tomatic bacteriuria E. coli strain: (a) IL-6 pg/ml (O) and (b) IL-8 ng/ml (@) during the first 
10 days of colonization. The arrows represent the times of bacterial instillation into the 
bladder. 


by uroepithelial cells in response to bacteria are interleukin (IL)-6 and IL-8. Both 
of these cytokines can be found in the urines of patients infected with E. coli. IL-6 
is an endogenous pyrogen which activates fever, is an activator of acute phase 
reactants (CRP), and a B-lymphocyte maturation factor (mucosal IgA B lympho- 
cytes). IL-8 is a chemoattractant for neutrophils which migrate to the site of in- 
fection. 

We have studied the mucosal cytokine response to microbial challenge both 
in situ and in vivo. Deliberate colonization of the human urinary tract with E. coli 
stimulated the secretion of IL-6 and IL-8 into the urine without elevation of the 
serum levels (fig. 1) [27, 28]. Urinary levels of IL-6 were also elevated in patients 
with natural UTI, whereas circulating IL-6 levels were elevated only in those 
patients who developed febrile infections [29]. This separation of local and sys- 
temic IL-6 responses was also observed during experimental infection in mice 
[30]. The circulating IL-6 levels were elevated after intraperitoneal infection, but 
no urinary IL-6 response occurred unless the mice were challenged in the urinary 
tract. These observations suggested that mucosal cells were activated directly by 
bacteria to produce cytokines. 
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Fig. 2. The IL-6 response of kidney epithelial cells (A498) stimulated with E. coli iso- 
genic strains carrying type 1 (©), P fimbriae (O) and vector controls (A, W), and with a 
wild-type uropathogenic strain (OD). 


Epithelial Cells as Cytokine Producers 


The rapidity of the IL-6 and IL-8 responses in vivo indicated that a local cell 
type such as the epithelial cell might be responsible for the secretion of the cyto- 
kines (IL-6 and IL-8) during UTI. We have shown that epithelial cell lines (kidney 
and bladder) are capable of secreting IL-6 after stimulation with E. coli, isolated 
fimbriae and lipopolysaccharide (LPS) [24]. We have also shown by indirect 
immunofluorescence and reverse transcriptase-polymerase chain reaction (RT- 
PCR) that these same cells are capable of synthesizing a variety of cytokines [28, 
31]. They synthesized IL-la, IL-6 and IL-8 but not IL-1ß, TNF or GM-CSF after 
stimulation with E. coli; however, only IL-6 and IL-8 were secreted (not IL-1q). 

Fimbriation of the bacteria affects the magnitude of the cytokine response. 
We have stimulated uroepithelial cells (kidney) with P- and type 1-fimbriated E. 
coli. The fimbriated strains induced higher cytokine responses (IL-6 and IL-8) in 
epithelial cells than isogenic, nonfimbriated bacteria (fig. 2) [32]. Isolated P fim- 
briae have been shown to activate cytokine responses in an adhesin-dependent 
manner [24]. P fimbriae lacking the adhesin induced a lower cytokine response 
than fimbriae with intact adhesive capacity. An inhibitor (PDMP) of glycolipid 
receptor expression impaired attachment and cytokine responses to P-fimbriated 
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bacteria [33]. Soluble receptor analogues (globoside, a-methyl-B-mannoside) for P 
and type 1 fimbriae were also found to inhibit cytokine responses induced by P- 
and type 1-fimbriated bacteria [25, 34]. 

The oligosaccharide receptors recognized by P fimbriae are bound to ceram- 
ide in the outer leaflet of the lipid bilayer. Ceramide has recently been recognized 
as a second messenger in the sphingomyelin signal transduction pathway and is 
cleaved from sphingomyelin by sphingomyelinase. The hydrolysis of sphingomy- 
elin can also occur upon exposure of cells to exogenous agonists that activate 
endogenous sphingomyelinases. Such agonists include TNF-a and IL-1ß. We 
have demonstrated that P-fimbriated E. coli activate the ceramide signal pathway 
and propose that this activation contributes to the epithelial cytokine response 
induced by P-fimbriated E. coli in the urinary tract [31]. 


Functions of Secreted Cytokines 


What are the consequences of cytokine expression by epithelial cells in the 
urinary tract? There is a correlation between the IL-6 response to bacteria in the 
urinary tract and the least response to infection measured as fever or CRP, in 
certain patient groups. One of the prime symptoms of acute pyelonephritis is 
pyuria — the efflux of polymorphonuclear cells (PMNs) into the urine. IL-8 as a 
chemoattractant for PMNs has been found in the urine of patients with UTI. Ina 
study of patients deliberately colonized with fimbriated E. coli, it was shown IL-8 
levels correlated directly to levels of PMNs present in the urine [25]. The strains 
used to colonize these patients were shown to be IL-8 in uroepithelial cell lines. 
This suggested that the production of IL-8 by epithelial cells may play an impor- 
tant role in the efflux of PMNs across the mucosal layer. 

To further investigate the role of IL-8 and neutrophils in the inflammatory 
response, in vitro experiments were carried out using the Transwell technology. A 
confluent epithelial (kidney or bladder) cell layer was grown on the underside of a 
Transwell insert. Media containing human neutrophil was placed in the upper 
compartment and media containing stimulant was placed in the lower compart- 
ment. Samples were removed from the system at various intervals to determine 
neutrophil migration. Neutrophils migrated across the cell layer in response to 
both E. coli and IL-1, but not to media alone (fig. 3) [35, 37]. 

How do the PMNs pass across the epithelial cell layer into the lumen of the 
urinary tract? PMN migration through endothelial cells involves cell adhesion 
molecules and f>-integrins, a similar mechanism may be involved in transepithe- 
lial cell migration. Epithelial cells from the Transwells stimulated with E. coli or 
IL-1 were analyzed for the expression of cell adhesion molecules. Cells were 
stained with antibodies to various cell adhesion molecules and analyzed by flow 
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Fig. 3. The kinetics of neutrophil migration across A498 kidney epithelial cell layers 
grown on Transwell membranes. Cells were prestimulated for 24 h with medium (D), E. coli 
(108 bacteria/ml) (A) or IL-la (1 ng/ml) (@). Results are the mean (SE) of 5-6 separate 
experiments. 


cytometry. Control cells (both bladder and kidney) stained positive for ICAM-1 
and when stimulated with E. coli or IL-1 there was an up-regulation in the expres- 
sion of this molecule [34]. 

To examine the involvement of IL-8, ICAM-1 and ß>-integrins in neutrophil 
migration, blocking antibodies to each molecule were added to the Transwell sys- 
tem. The effect of these antibodies was measured as an increase or decrease in 
neutrophil migration in response to E. coli. Antibodies to IL-8, ICAM-1, CD11b 
and CD18 reduced neutrophil migration by 60-70%, whereas antibodies to 
CDila did not influence migration (table 1) [35]. It appears that neutrophil 
migration across epithelial cells is dependent upon the expression of ICAM-1 on 
the epithelial cell and the expression of the Mac-1 complex (CD11b/CD18) on the 
neutrophil surface and the presence of the neutrophil chemoattractant IL-8. 

Neutrophils and epithelial cells are not the only cells present in the mucosa of 
the urinary tract, and are not the only cell types capable of producing cytokines. 
Macrophages and lymphocytes are present in the urinary submucosa. These cells 
are capable of responding to exogenous cytokines and of producing and secreting 
a wide variety of cytokines. Questions arise as to the involvement of lymphocyte 
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Table 1. The role of IL-8, ICAM-1 and ß>-integrins in transepithelial 
neutrophil migration in the kidney epithelial cell line A498 


Antibody Percent neutrophil migration (SE)! 
medium E. coli 

= 26 (4) 65 (5) 

Anti-IL-8 (1 pg/ml) 19 (1) 26 (3) 

ie 8 (4) 53 (6) 

Anti-ICAM-1 (10 ug/ml) 2 (1) 8 (3) 

= 27 (5) 79 (5) 

Anti-CD1 1a (10 ug/ml) 27 (4) 73 (9) 

Anti-CD1 1b (10 ug/ml) 9 (2) 23 (4) 

Anti-CD18 (10 ug/ml) 3 (3) 21 (3) 


! Neutrophil migration (3 h) across A498 kidney epithelial cells prestimu- 
lated for 24 h with E. coli (108 bacteria/ml) or medium. Results are the mean 
(standard error) of four separate experiments. 


derived cytokines and the role they play in the response of the epithelial cell. 
Epithelial cells have been shown to respond and release cytokines when stimulat- 
ed with exogenous cytokines of lymphoid origin [36]. 

In summary, these findings are consistent with the following scenario. Bacte- 
ria attach to the mucosal lining of the urinary tract and trigger a cytokine 
response. The cytokines will in turn activate inflammation locally and spread to 
systemic sites where they cause fever and the release of acute phase reactants. This 
is why we see a direct association between bacterial virulence properties, inflam- 
mation and severity of infection. 
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Human urine has been regarded as a growth medium for bacteria [1]; how- 
ever, not all Escherichia coli strains are capable of growth in this medium. Kaye 
[2] showed that isolates from patients with urinary tract infections (UTIs) grew 
well in urine while most fecal E. coli strains were killed. The ability of urinary 
tract E. coli strains to grow at faster rates in urine than non-urinary tract coloniz- 
ers has been suggested as a means by which bacteria persist and avoid elimination 
by micturition [3]. Several studies have proposed models to aid in the understand- 
ing of bacterial colonization of the urinary tract [4-6]. O’Grady and Pennington 
[5] derived an artificial bladder model for bacterial colonization with theoretical 
values which must be met in order for a bacterium to colonize. In contrast, Cox 
and Hinman [3] showed a discrepancy between in vitro growth and bacterial 
colonization in human volunteers. Bacteria which successfully colonized the arti- 
ficial bladder were eliminated from the human urinary tract. It was later shown 
that the bladder mucosa of guinea pigs was capable of killing the mucosal E. coli 
[5]. Schulte-Wisserman et al. [7] suggested that this killing effect was due to the 
production of bactericidal molecules by epithelial cells. 

These studies prompted a search for antibacterial molecules in urine and the 
identification of inhibiting factors like urea, organic acids, salts, pH and osmolar- 
ity [2, 8]. A zinc-containing protein isolated from male prostatic fluid was also 
found to be antibacterial [9, 10]. Asscher et al. [8] showed that urinary isolates of 
E. coli grew optimally at a pH of between 6.0 and 7.0 and that growth was inhibit- 
ed in both alkaline and acidic urines outside this pH range. The physiological 


range of human urine pH is between 4.6 and 7.2. Kass and Zangwill [11] reduced 
bacterial counts in the urine of patients with chronic UTI by administering d,/- 
methionine that produces highly acidic urine. The inhibition of bacterial growth 
was due to undissociated organic acids which were in high concentration in acidic 
urine. 

Urine osmolarity has been shown to effect the ability of E. coli to grow in 
human urine [8]. At high osmolarity (1,200 mosm/kg), bacterial growth was inhib- 
ited by urea, sodium chloride, sodium sulfate, potassium chloride and potassium 
sulfate in the urine. The inhibition of growth was probably due to the hyperosmo- 
larity of the urine rather than to one specific molecule. Urine of low osmolarity 
(<200 mosm/kg) was also shown to inhibit bacterial growth. This is probably due 
to the very low nutrient content of urine and lends support to the idea that high 
fluid intake assists in the clearance of bacteriuria. 

While urine appears to be inhibitory for bacterial growth, Chambers and 
Kunin [12] showed that urine confers an osmoprotective effect on E. coli. Urinary 
isolates of E. coli grown in a defined minimal medium were inhibited by high 
concentrations of electrolytes and sugars in direct relation to their osmotic 
strength. The addition of human urine and betaine to this medium increased the 
osmotic resistance of the E. coli isolates to these substances. It was proposed that 
urine contained low-molecular-weight (MW) osmoprotective substances which 
E. coli could use to protect against the hypertonic effect of urine. 

There appears to be a range of molecules in human urine other than electro- 
lytes that are inhibitory for bacterial growth. For bacteria to persist in the urinary 
tract they must overcome these inhibitory and antibacterial factors in human 
urine. This study describes the isolation and partial purification of a fraction from 
human urine with antibacterial activity. 


Results 


We found marked differences between E. coli strains in the ability to survive 
in human urine. E. coli strains from patients with different forms of UTI (acute 
pyelonephritis n = 5; acute cystitits n = 5; asymptomatic bacteriuria (ABU) n = 5) 
and from the intestinal flora of healthy individuals (n = 10) were tested for growth 
in a pool of male urine. All of the UTI isolates grew to reach a cell density of = 10° 
colony-forming units (CFU)/ml in 24 h. In contrast, most of the E. coli intestinal 
isolates (7/10) were killed. This suggested that urine contains antibacterial com- 
ponents to which the strains causing UTI are resistant. 

In order to identify the mechanism(s) explaining the observed antibacterial 
effect, two E. coli strains were selected as a model. E. coli 83972 was the clinical 
isolate that had been found to successfully establish bacteriuria following deliber- 
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Fig. 1. Colony-forming units (CFU) of E. coli in urine. O = Strain No. 83972; O = strain 
No. HB101. 


ate colonization of 12 human hosts [13]. This strain was able to grow exponen- 
tially in pools of male and female urine, to reach a cell density of 108-10? CFU/ml 
of urine by 24 h (fig. 1). E. coli HB101 was a K-12 strain of the type that can be 
found in the fecal flora of healthy carriers. This strain was killed in male urine; at 
an inoculum of <10° CFU/ml, no viable bacteria remained at 24h (fig. 1). At 
higher inoculum concentrations a reduction in CFU/ml of at least 2 logsıo 
occurred. 

In female urine, the concentration of E. coli HB101 decreased to 10? CFU/ml 
during the first 6 h, but by 24 h it had reached a value of 107 CFU/ml (fig. 1). This 
biphasic growth curve in female urine may be the result of a gene induction effect 
in a subpopulation of E. coli HB101, or be due to the consumption of a growth- 
inhibiting substance in female urine. The possibility of gene induction was exam- 
ined by taking E. coliHB101 from a 6-hour culture in urine and re-inoculating it 
into a fresh urine sample. The same decrease in bacterial counts was observed, 
suggesting that the bacteria that survived in the 6-hour culture retained their sus- 
ceptibility to the growth-inhibiting factor. The possibility of consumption of an 
inhibitor was tested by filter-sterilizing urine in which E. coli HB101 had grown 
for 6 h, and re-inoculating the urine with broth grown E. coli HB101. The growth 
in this urine was exponential, suggesting that the decrease in E. coli HB101 in 
fresh urine was due to an inhibitory substance being consumed by the bacteria. 

Urine was subjected to gel filtration column chromatography in order to iso- 
late the fraction causing the antibacterial activity (fig. 2). Fractions collected off a 
Sephadex G-25 column were pooled (I-VI) and tested for effects on bacterial 
growth in a minimal salts and glucose medium with amino acids and vitamins to 
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Fig. 2. Chromatogram (Sephadex G-25 column) and growth of E. coli, strains Nos. 
83972 and HB101, in a defined minimal salts medium, supplemented with fractions I-VI. 


supplement for the auxotrophic mutations in E. coli HB101. E. coli 83972 grew 
exponentially in medium supplemented with all of the urine fractions with the 
exception of fraction VI. E. coli HB101 grew exponentially in fractions I, II, IV 
and V but not in fractions III and VI. Fraction VI contains salts, inorganic acids, 
organic acids and urea which are known to be inhibitory for bacterial growth. 
Since this fraction inhibited both E. coli strains it was not considered further. 

The spectrum of activity against different E. coli strains (both urinary and 
fecal isolates) was tested with whole urine and fraction III. Whole male urine and 
fraction III inhibited the growth of intestinal E. coli isolates from healthy individ- 
uals (n = 10), but not UTI strains (n = 15). The UTI strains were able to grow in 
minimal media supplemented with fraction II whereas the 10 fecal isolates could 
not. The growth in fraction III was the same as that seen for growth in whole 
urine. 

The purification of the inhibitory component was continued from fraction 
III. Fraction III was enriched for the antibacterial component by organic solvent 
extraction, ion-exchange chromatography and ninhydrin-stained thin layer chro- 
matography. This showed the antibacterial component to be weakly cationic (1 or 
2 positively charged groups), ninhydrin reactive showing the presence of amine 
groups, was of low MW (between 500 and 1,000), and very hydrophilic. This type 
of profile shows compatibility with the chemical family of polyamines. 
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Determination of polyamine concentrations in human urine and fraction III 
was carried out using the method described by Holm et al. [14]. Spermine, sper- 
midine and putrescine in the acetylated and nonacetylated forms were found. 
Testing of commercial polyamines (spermine, spermidine and putrescine) against 
our bacteria showed differential killing of our bacterial strains but at concentra- 
tions far higher than found in human urine. Further characterization is being 
carried out to determine the structure of this compound. 


Discussion 


Bacterial adherence was initially thought to explain the establishment of bac- 
teria in the urinary tract [15, 16]. By attaching to the mucosa the bacteria avoided 
removal during micturition. Recent evidence contradicts this hypothesis. E. coli 
strains isolated from patients with ABU fail to express the fimbrial determinants 
that characterize the virulent clones [17]. Human colonization studies have 
shown that an ABU strain which lacked the known adhesive determinants was 
able to establish bacteriuria (> 10° CFU/ml) in several different human hosts and 
to persist for periods of 30 days or more in their urinary tracts [13]. In contrast, 
isogenic derivatives of this ABU strain expressing P and type 1 fimbriae were 
rapidly eliminated from the urinary tract concomitant with the induction of an 
inflammatory response. This suggested that adherence was not required for bacte- 
rial persistence in the urinary tract and led us to re-examine the question about 
mechanisms which might control the initial establishment of bacteriuria. 

We found that urine contains a low MW, hydrophilic, amine-containing sub- 
stance with bactericidal activity. It appears to be related to the family of poly- 
amines but differs substantially in charge and size. The mechanism of the antibac- 
terial activity has yet to be shown but polyamines are known to inhibit DNA 
replication in bacteria and to be taken up through an LPS-dependent transport 
system [18-20]. From purification analysis, the polyamine-like component we 
have isolated from urine is not a protein, or a peptide, ruling out the probability of 
it being a defensin, a magainin, a cecropin or a cryptdin. Defensins, magainins, 
cecropins and cryptdins are small peptide molecules which have been shown to 
have antibacterial activity [21-24]. They have been isolated from a variety of cell 
types and host species, and appear to be released in host secretions as part of a 
nonspecific defense mechanism. 

There was a difference in the antibacterial activity between male and female 
urine. While male urine effectively killed the sensitive strain, female urine had a 
moderate effect. The inhibitory component in female urine was consumed by the 
bacteria. There are two possible explanations for this, either (a) the compound we 
have isolated from male urine is different from that in female urine, or (b) there 
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are varlations in the concentrations of this component in the urinary tract 
between males and females. Regardless ofthe mechanism, these findings indicate 
that differences in killing capacity exist between human hosts. This might contrib- 
ute to the variation in susceptibility to UTI. Further studies should compare urine 
from patients prone to UTI and healthy controls for the bactericidal factor. 

The isolated component had a selective killing effect on bacteria. All UTI 
strains tested were resistant to the antibacterial effect whereas 70% of fecal strains 
were sensitive to it. The variation between strains in the sensitivity to this mole- 
cule suggested that the uropathogenic strains of E. coli are uniquely adapted to 
survival and persitence in the urinary tract. The large intestine serves as a reser- 
voir for uropathogenic E. coli and for other Enterobacteriaceae that cause UTI 
[25-27]. The 30% of the fecal isolates that were resistant to this antibacterial 
urine factor may be the subset which can cause UTI. 
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Urinary tract infections are among the most common infectious diseases. For 
the development of an infection, pathogenicity and virulence of the infective 
agent are of importance as well as the efficacy of local and systemic immunologi- 
cal and nonimmunological defense mechanisms of the human organism. The 
interplay of these factors characterizes the clinical picture and determines the 
course of the disease. For colonization, invasion and infection, pathogenic germs 
must get adapted to host-specific defense reactions. Microorganisms are able to 
express virulence factors to different degrees. 

Investigations on the virulence properties of uropathogenic microorganisms 
seem particularly justified in the case of Escherichia coli. These bacteria are most 
frequently responsible for urinary tract infections [1, 2]. Several reports concern- 
ing the virulence of E. coli pathogenic to the urinary tract demonstrate their abili- 
ty to produce hemolysin and hydroxamate as well as mannose-resistant or man- 
nose-sensitive hemagglutination (fimbriae/adhesin capacity) and the occurrence 
of specific O- or K-antigens [3-6]. 

We investigated the four most important virulence properties in E. coli 
strains of patients with chronic nonobstructive pyelonephritis and evaluated the 
frequency of these virulence factors over a period of 3 years. 


Patients and Methods 


Patients 

In 53 women (mean age 42 + 12 years) with chronic nonobstructive pyelonephritis, 
E. coli strains were examined. The patients had been attending our outpatient department 
for more than 3 years. The diagnosis was established on the basis of clinical history as well as 
clinical, laboratory and radiological findings (renal scarring, caliceal clubbing and blunting). 
In all patients, a vesicoureteral reflux, an obstruction due to concrements, or a metabolic 
disorder (diabetes mellitus, hyperuricemia) were ruled out. In no case was urinary tract 
infection associated with glomerulonephritis or a gynecological disease involved. No immu- 
nocompromised host was included. 

All patients suffering from an acute urinay tract infection were examined microbiologi- 
cally. Subsequent investigations of the patients showed no clinical or biochemical signs of an 
active infection. In all cases, significant bacteriuria (> 10> colonies/ml urine) was found in 
midstream urine samples. 


Methods 

Determination of Disease Activity. The inflammatory parameters erythrocyte sedimen- 
tation rate, leukocytes, o-globulin fraction, C-reactive protein, leukocyturia and erythro- 
cyturia were determined. 

Microbiological Investigations. A total of 144 E. coli strains were studied over a period 
of 3 years. On average, 2.8 + 1.6 germ analyses were carried out per patient. 

Bacteria: The bacterial examination included bacterial count, species identification, 
and antibiotic susceptibility determination according to Edwards and Ewing [7]. 

Hemolysin: The hemolytic activity of the bacterial strains was determined as described 
by Springer and Goebel [8]. The amount of hemoglobin released was identified spectropho- 
tometrically at 420 nm and served as a quantitative measure of the hemolytic activity of the 
strains. 

Fimbriae (mannose-resistant hemagglutination): Hemagglutination was tested using a 
slide agglutination test [9]. Washed red blood cells (group A) obtained from man, cattle and 
guinea pig were used in a 5% solution, and a drop of 0.1 M mannose was added at a ratio of 
1:4. The strain to be studied was incubated for 24h on CFA agar. Several colonies were 
suspended in a drop of a red blood cell suspension without adding D-mannose. The evidence 
of P-fimbriae and of type F 7 to 14-fimbriae was recorded in cases where agglutination of 
human group A erythrocytes without agglutination with erythrocytes from cattle or guinea 
pig occurred, often in the presence of D-mannose. 

Hydroxamate/aerobactin: The production of aerobactin was measured according to 
Stuart et al. [10] and Wittig et al. [11], E. coli K 12 strain LG 1622 serving as the indicator 
strain. This bioassay is 1,000 times more sensitive than chemical analysis. 

K 1-antigen: The detection of K 1-antigen was carried out by means of K 1-specific 
phages [12]. Confluent or semiconfluent lysis by K 1-phages was regarded as documenting 
K I-antigen. 

Statistical Analysis. After calculation of frequency distribution for statistical testing, 
the exact two-tailed Fisher test was performed [13]. In order to test the dependences between 
qualitative features, Pearson’s x? method and methods of logistic regression and discrimina- 
tion were employed [14]. 
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Table 1. Characteristics of patient group (n = 53, females) 


Criteria Acute episode Asymptomatic 
of pyelonephritis stage 


Duration of UTI, years 11.9+9.5 

Symptoms 
Dysuria + - 
Pollakisuria + - 
Flank pain + = 
Rise in temperature (> 38 oC) + - 

Laboratory findings 
Blood sedimentation rate, mm 19.7+5.8 10.4+9.4 
Leukocytes, Gpt/l 10.8+1.9 6.4+1.9 
a>-Globulin 0.12#0.03 0.08+0.02 
C-reactive protein (pos.) 100% 8% 
Creatinine, umol/l 104.7+20.1 98.2+12.7 
Leukocyturia 53 (100%) 6 (11%) 
Erythrocyturia 12 (22%) - 
Bacteriuria 53 (100%) 53 (100%) 

Results 


Characteristics ofthe Patients 

In the first stage of investigation the patients were suffering an acute episode 
of pyelonephritis indicated by symptoms as dysuria, pollakisuria, flank pain and 
rise in temperature >38 °C. The laboratory findings are presented in table 1. Dur- 
ing the following microbiological investigations in all patients no signs of a clini- 
cally active disease were found. All subjects had been treated with chemothera- 
peutics for 7 (to 10) days. The following drugs were employed: ampicillin, gen- 
tamicin, sulfamerazine/trimethroprim, ciprofloxacin or ofloxacine. 


Microorganisms 

Incidence of virulence properties in the acute episode: The virulence factors of 
E. coli strains were demonstrable to varying degrees. Most frequently hemolysin 
formation (n = 26/49%), mannose-resistant hemagglutination/fimbriae (n = 26/ 
49%) and the ability to produce hydroxamate/aerobactin (n = 25/47%) were 
detected. The expression of K 1-antigen (n = 9/17%) was seen less frequently. The 
frequency distribution is displayed in table 2. 
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Table 2. Incidence of virulence properties of E. coli in 53 patients with 
an acute episode of chronic nonobstructive pyelonephritis 


Virulence property Incidence 
Hemolysin formation 26 (49%) 
Fimbriae (mannose-resistant hemagglutination) 26 (49%) 
Hydroxamate/aerobactin 25 (47%) 
K 1-antigen 9 (17%) 


Distribution of virulence properties over a period of 3 years. During the period 
of 3 years, in all patients, 144 E. coli strains were analyzed. The properties of 
hydroxamate/aerobactin (n = 47/33%) and mannose-resistant hemagglutination 
(n = 44/31%) were detected most frequently. The ability to form hemolysin (n = 
38/27%) and the expression of K 1-antigen (n = 12/8%) were found in a minority 
of the bacterial strains. The distribution of all virulence markers in the 144 uro- 
pathogenic microorganisms is presented in figure 1. 

Between the ability of hemolysin formation and the property of mannose- 
resistant hemagglutination (evidence of fimbriae) on the one hand and the ability 
of hydroxamate production and K 1-antigen on the other hand, there is a statisti- 
cally relationship (probability of error: 5%). The abilities of both hemolysin for- 
mation and mannose-resistant hemagglutination were found in isolates from 19 
patients (36%). The combination of hydroxamate production and K 1-antigen 
occurred in microorganisms from 8 patients (15%). In long-term analysis 
throughout the observation period of 3 years, the decreasing virulence of bacterial 
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Examination 


Fig. 2. Incidence of virulence properties of 144 E. coli strains in 53 patient with nonob- 
structive pyelonephritis; results of a long-term follow-up over 3 years. Bands: A = mannose- 
resistant hemagglutination; B = hydroxamate; C = hemolysin; D = K 1-antigen. 


strains in the course of their persistence in the urogenital tract was striking. The 
frequency of virulence properties of E. coli in these patients with nonobstructive 
pyelonephritis is summarized in figure 2. In particular, the loss of hemolysin pro- 
duction was statistically significant (p = 0.05). Upon increasing the observation 
period, strains with two or more virulence markers became rare. 


Discussion 


A bacterial infection involves the ability of the microorganism to overcome 
the multiple host defense mechanisms. A pathogen must be able to survive in the 
host environment, to attach to, and to multiply on the body surface, to resist the 
defense mechanisms, and to produce a toxin or interfere with host physiology in 
several other ways [5, 6, 16]. But the development and the course of a disease 
certainly depends on complex immunological and nonimmunological host de- 
fense mechanisms. Primary events determine whether a bacterial strain is able to 
colonize the urinary tract. 

Microorganisms may damage host cells and maintain chronic infections 
without clinical symptoms, for instance, as asymptomatic bacteriuria [16, 17]. 

It is of clinical interest to determine what microbial property is responsible 
for urinary tract infection, i.e. occurs most frequently. By monitoring a group of 
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patients over a period of 3 years, an attempt was made to harmonize host condi- 
tions. In all cases, vesicoureteral reflux, obstruction, metabolic disorders, gyneco- 
logical diseases, glomerulonephritis, or an immunocompromised situation were 
ruled out. The first microbial investigation was performed during an acute epi- 
sode of the infection, followed by analyses during asymptomatic bacteriuria. A 
total of 144 E. coli strains were studied. 

The possible uropathogenic virulence properties include O- and K-antigens, 
adherence to epithelial cells by different kinds of fimbriae, the ability of hemoly- 
sin formation, and hydroxamate (aerobactin) production [18-20]. It is insuffi- 
cient to characterize uropathogenic bacterial strain by one virulence property 
alone; only the combination of several factors is helpful. In this study, the O- 
antigens of the E. coli strain were not determined. The O-antigen classification is 
necessary to characterize a germ and to differentiate between a relapse or a rein- 
fection, especially in an investigation covering a long period of time. 

The E. coli strains emanating from an acute epidose of pyelonephritis most 
frequently showed mannose-resistant hemagglutination and hemolysin forma- 
tion. For the development of a urinary tract infection, the ability of the bacteria to 
adhere to the epithelial cells is of great importance. Fimbrial antigens are respon- 
sible for adhesion of the microorganisms [16, 21]. In contrast to Löffler and Svan- 
borg-Eden [22], and Elo [23], who described this property in 90% of the E. coli 
strains from patients with pyelonephritis, our investigations demonstrated the 
ability of mannose-resistant hemagglutination in 49% of the acute episodes and in 
31% of cases with asymptomatic bacteriuria. Hemolysis was more frequent in 
strains isolated from acute urinary tract infection than in cases with asymptomat- 
ic disease (table 2). With a prolonged observation period, a loss of the ability to 
produce hemolysin was statistically significant (p = 0.05). This property appears 
to be a prerequisite for bacterial invasion into a host and for the initiation of an 
acute infection [24, 25]. Other virulence factors are more important for microor- 
ganisms to survive in the host. In the present analysis, this property was observed 
in 47% of the strains from acute disease and in 32% of all uropathogenic E. coli 
isolated during the 3-year follow-up period. The plasmids determining the pro- 
duction of hydroxamate/aerobactin additionally encode microbial resistance 
against serum complement factors [26]. On the whole, these properties enable the 
bacterial strains to survive in the host. K 1-antigen represents an important viru- 
lence factor enabling bacteria to become protected against the serum complement 
system [6, 16]. Our observation on the significance of the K 1-antigen confirms 
findings of Ørskov et al. [27]. The present results showed a statistically significant 
association with regard to the concomitant occurence of the properties of hydrox- 
amate production and K 1-antigen (probability of error 5%). 

Based on our investigations, the virulence property mannose-resistant hem- 
agglutination (fimbriae) appears to allow the microorganisms to adhere to uroepi- 
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thelial cells and survive in a host. Hemolysin formation enables damage to the 
uroepithelium and initiation of acute infections. Fimbriae and hydroxamate 
(aerobactin) production enable E. coli to maintain asymptomatic urinary tract 
infections. 
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Urinary Tract Infection: 
Some Research Priorities 
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Well-executed studies over the past 30 years have made it possible for tens of 
millions of patients each year with urinary infection to be managed with reduced 
morbidity [1] and minimal mortality [2]. In addition, laboratory and imaging 
modalities have been evaluated for the diagnosis of urinary infection and their 
limitations are now reasonably well defined. As a result, clinical guidelines with 
appropriate algorithms for the investigation and treatment of patients with uri- 
nary infection have been developed and should be in widespread clinical use. 
Implementation of such guidelines results in lower direct costs of care and is 
thought to improve outcomes. However, successful clinical research for patients 
with acute urinary infection syndromes appears to have diverted scientific inter- 
est away from other aspects of urinary infection. As a result, we have documented 
a significant research waning with fewer individuals publishing fewer original 
contributions during the past decade [1]. At present, about half of the manuscripts 
published are concerned primarily with ‘comparative’ drug studies in patients 
with acute urinary tract infections. In almost every instance, the newer treatment 
regimens are only ‘equivalent’ to already established regimens and little, if any, 
scientific advance occurs as a result of most treatment trials. 

In this article, we identify several areas in which well-designed clinical trials 
and more basic fundamental research could possibly lead to cost-effective 
improvements in the management of urinary tract infections. 


Understanding Pathogenesis as a Strategy to Improve Care 


The brilliant studies of Svanborg and her colleagues [3] in Sweden have 
begun to unravel components of host response to bacterial colonization of the 
epithelial mucosa. The mucosal cytokine response appears to elicit pyuria and 
produce symptoms in the urinary tract. These investigators have also designed an 
organism which efficiently colonizes the urinary bladder without provoking an 
inflammatory response in most patients. Perhaps ‘designer organisms’ can be an 
alternate to antimicrobial prophylaxis and suppression in patients prone to recur- 
rence. Chronic infection with these non-symptom-provoking organisms may be 
preferable to ongoing chronic treatment. 

In addition, well-defined urovirulence studies have characterized many of 
the microbial features of Escherichia coli that create a virulent pathogen [4]. Most 
other urinary tract pathogens have not been as well characterized and further 
studies are needed. 

Is a vaccine directed against fimbrial protein a possible strategy to prevent 
invasive upper tract infection [5]? How far can we proceed with animal studies 
including primates and when are human vaccine studies necessary? How do we 
proceed over the next five years to further understand the interventions that may 
make a much more significant difference in preventing urinary infections? 


Preventing Urinary Infection 


During the past three years, this field of endeavor has seen several major 
advances which present opportunities for future research. The use of cranberry 
juice to prevent symptoms, pyuria and infection in elderly women deserves fur- 
ther studies for confirmation and operational research issues [6]. Should cranber- 
ry, or perhaps blueberry juice, be offered to all elderly women routinely? What is 
the role of this form of diet therapy in individuals with indwelling catheters or in 
young women with recurrent urinary infection? The observation that a biologic 
basis may exist for this long held ‘folk remedy’ is most intriguing. 

Studies by Raz and Stamm [7] demonstrating the value of intravaginal estro- 
gens also need confirmation. What studies are needed before instituting this regi- 
men? Are there any downsides to the use of this therapy in postmenopausal wom- 
en with recurrent infection? Should they be investigated first to prove that they 
have estrogen deficiency? Will oral estrogens work as well? These and other issues 
are needed to expand our ability to prevent infections and reduce the need for 
long-term prophylaxis. 

Breakthrough infections continue to occur in patients on multi-year courses 
of trimethoprim/sulfamethoxazole or the quinolones. As a result, the efficacy of 
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these regimens may gradually diminish. We also have limited data about the 
impact of these regimens on global intestinal microbial flora. Alternate strategies 
to prevent infections need to be a priority and appear to be possible. 

We also appear to have reached a plateau in our understanding of catheter- 
related infections. We now can prevent most infections in patients with catheters 
in place for two weeks or less. However, in patients requiring long-term catheter 
drainage, strategies to prevent symptomatic infections, invasive pyelonephritis 
and sepsis are still not available. Can we do anything useful in this patient popula- 
tion? What are the alternatives to long-term catheter care? Will modification of 
the catheter or its care alter the risk of untoward events [8]? What is the signifi- 
cance of foul-smelling of turbid urine? How often should catheters be changed to 
prevent complications? Are organisms that split urea more likely to lead to com- 
plications? Again, it seems the questions are obvious, but no answers are avail- 
able, despite the fact that we have numerous opportunities for study among the 
patients we care for within our clinics. 


Complicated Urinary Infection 


Very few natural history and treatment studies have been carried out in 
patients with complicated urinary infection [9]. Despite the presence of large 
numbers of such patients in most of our clinical practices, we have generally clas- 
sified these patients as one poorly defined entity and continue to use empiric, 
unproven treatment regimens. 

The International Reflux Study in Children, the largest surgical trial ever 
undertaken, has shown in children that primary vesicoureteric reflux does not 
require surgical treatment in order to prevent further renal damage and scarring 
[10]. Unfortunately, randomized trials appear to have limited impact on practice 
[11]. Winberg [11] states ‘It is sad to observe. In spite of the lessons learned from 
the study, new methods are introduced without controlled studies.’ As individuals 
committed to academic priorities within all of our areas of responsibility, we must 
insist that new tactics in the management of urinary infection, whether medical or 
surgical, are subject to careful study prior to widespread implementation. 


Urinary Infection in Men 
The postulated incidence of urinary infection in men is 3/1,000 from the age 
of 20 to 50 years and it appears to increase thereafter. The health cost of managing 


these infections in the industrialized world probably exceeds USD 500 million 
annually. In spite of this major health impact, no population-based studies using 
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large well-characterized patient groups have determined the male incidence of 
urinary infection or identified the prevalence of underlying or concomitant dis- 
ease or other risk factors. As a result, management strategies are based on subsets 
of men usually selected for treatment trials. A series of questions remain unan- 
swered. We have taught that all urinary infections in men are categorized as ‘com- 
plicated’. What is the evidence of this classification? What routine investigations 
are cost-effective and necessary? When should imaging or cystoscopy be ordered? 
What regimens are most effective and what is an appropriate treatment duration? 
How do we define a ‘cure’ in men with urinary infection? Is a prostatic massage 
necessary following a treatment course in order to be confident of a cure? When 
should asymptomatic infection be treated in men? Carefully designed clinical 
trials can increase our knowledge and lead to improved care of men with urinary 
infection. 


Delivery of Care Issues in Patients with Urinary Infection 


Few studies have addressed issues related to patient or provider knowledge, 
attitudes, or practice as they relate to the prevention or management of urinary 
tract infections. We have no information as to how physicians make antimicro- 
bial choices, how they determine duration of therapy or how effectively they iden- 
tify risk factors or prevent subsequent infections. Variation in the management of 
urinary tract infections is immense. Studies defining this variation, and its impact 
on outcome, are necessary. Planned interventions within communities could also 
be important strategies to alter practice, involve patients in decision-making, 
allow the patient choice among antibacterial regimens, and determine the value of 
additional investigations including urine culture, urinalysis, and imaging studies. 
These would all be of both academic and practical interest. 

Managed care organizations are collecting large amounts of data on patients 
with urinary tract infections. These studies may define less expensive strategies 
that can be used both within these organizations as well as elsewhere. If the annual 
global direct health cost of urinary infections is over USD5 billion, substantial 
dollars could become available for other health care interventions if we could 
lower the ‘direct costs’ of managing urinary infection. 

Well-designed studies to address these questions require multidisciplinary 
investigators with expertise in epidemiology, economics and clinical medicine. 

In summary, urinary infection research is being carried out by only a few of 
the individuals who are involved in the care of these patients globally. We need to 
organize ourselves more effectively to identify the questions, encourage investiga- 
tors to pursue improved experimental design, lobby for support, and find the 
answers. This is one of the goals of the Clinical Evaluation of Drug Efficacy in 
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Urinary Tract Infection group. The meetings of this group in Montreal at the 
International Congress of Chemotherapy again addressed some of the opportuni- 
ties and challenges of urinary infection. It is our intent that additional studies will 
emerge during the next two years that will further enlarge our areas of scientific 
competence as we manage patients with urinary infection. 
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